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FOREWORD

The Automati_?:: Performance Trade—off Computer program (APT) described herein
was designed, ceded, and debugged while Northrop was under a fixed price contract
(NAS8-30509) to MSFC. The Contracting Officer's Representative throughout the
study has been Mr. Bill Goldsby of the Flight Mechanics Branch, Program Develop-

ment Directorate.
The authors would like to acknowledge Mr. Goldsby and the members

of his staff for their helpful support in providing performance data and for

their technical contributions to the design of the program.
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ABSTRACT

This report describes a computer program which retrieves stored data and
determines variations in launch vehicle performance as a. function of mission
and vehicle parameters. The daﬁa stored by the program were generated by
sophisticated launch vehicie optimization programs. This program was developed
as a tool for mission planning permitting an instant response capability for

preliminary problem analysis.

Cataloging techniques develope& for various missions are described. These
techniques determine the points which must be stored for a particular mission.
Large quantities of data for various launch vehicles have been stored in the
program and by using interpolation and extrapolation techniques new data may be

generated from this stored information.
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Section |

INTRODUCTION

.1 BACKGROUND

The need for quick response by mission planners and the large amounts of
optimum performance data that have been generated for a number of launch vehicles
of interest has resulted in the NASA request (RFQ DCN 1-7-21-0002) for a quick
retrieval system for surveying optimum performance variations due to mission
and vehicle variations. Described in this final technical report is the Auto-
matic Performance Trade-off (APT) computer program which is Northrop's response
funder NAS8-30509) to the NASA need. To satisfy the needs of mission planners
such a system should have the following characteristics. First, it should
efficiently catalog and store information from optimum launch vehicle trajec-
tories in large data banks. Secondly, it should be able to quickly retrieve
these data and by using numerical techniques expand their range of usefulness.
Finally, it should display these data in several formats each of which have been
designed to maximize the immediate usefulness of the data to a particular mission
planning function. The Northrop Automatic Performance Trade-off progrém completely

satisfies these requirements.

The benefits to the mission planners from such a system are many fold:

e The efficient utilization of the APT program will tend to eliminate
wasteful duplication in the generation of performance data in connec-
tion with mission planning activities, Thus, the cataloging and storage
system formally gives a permanent "home" to any generated data. This
will eliminate the necessity of running most performance variation pre-
diction cases because sufficiently accurate data for all reasonable
data points can be found by interpolation and extrapolation of existing
numbers in the storage bank.

® Because of the generality of the numerical techniques, data trends, and
program logic; newly evolving launch vehicles can be conveniently added
to the storage banks by running a minimum number of selected optimum
trajectories for data points.

¢ The program can be asked to display the extent and limitations of its
data with respect to any or all of the launch vehicles and a figure of
merit is available for all extrapolated payload numbers.
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e In addition, if, (1) data points exist for the vehicles of interest,
and (2) all vehicle and mission variations are reasonable; then, all
mission planners associated with a given study can be immediately
provided with new performance data - in a format streamlined for their
immediate needs - whenever study ground rules change. It is believed
that this quick response will be of major importance in many studies
and allow planners to concentrate on more subtle aspects of the study.

1.2 OBJECTIVES

The scope of work as stated in the contract (NAS8-30509) was to devise a
computerized technique by which stored data generated from a sophisticated
launch vehicle trajectory optimization program can be speedily transformed into
meaningful information about specific parameters and vehicle characteristics

for immediate use by mission analysts.

The objectives of this study as specified in the contract are:

e To develop a technique in which stored data that is generated from a
sophisticated launch vehicle trajectory optimization program may be
speedily transformed into meaningful information about specific missions
and véhicles for immediate use by the mission analysts and planners.

¢ To enable the analyst to economically and quickly generate new data
(via interpolation and/or extrapolation within the data bank) on
specified vehicles and missions.

e To provide an efficient method of cataloging and retaining previously
‘compiled or newly generated performance information.

‘e To provide an efficient and concise retrieval system for trajectory/
performance data.

1.3 REPORT ORGANIZATION
In fulfilling specific objectives and expected results of the contract,

most of the work tasks dealt with the detailed design and organization of the’
program logic based on known numerical techniques as opposed to basic research
into devising new interpolation or extrapolation techniques. For this reason
this final technical documentation of the work accomplished deals heavily with
a precise description of the program design, how it works, and how it can be
used. In Sectiom II of the report a detailed discussion of the basic program
caﬁabilities is presented. In this discussion, the program objectives and the

resulting designs of the basic routines are presented. 1In Section III, the
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numerical techniques used in the program are discussed. Only a brief discus-

sion is given since lengthly documentations of the methods are available else-

where. In Section IV, the results, conclusions, and recommendations derived

o from the study are presented. Section V is a bibliography of pertinent

%% references. Appendix A contains an overall description of the computer program,
while Appendix B gives a detailed description of the cataloging and storage
methods. Appendix C presents a definition of requirea inputs and a description
of how to set up the deck. Appendix D contains some sample computer runs -and

Appendix E is a program listing.
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Section |t
)

GENERAL DESCRIPTION OF PROGRAM CAPABILITIES

The Automatic Performance Trade-off (APT) computer program described in
this report has the capability of quickly retrieving payload information for
launch vehicles. This information is stored in large data banks in the program.
The information is retrievable for various mission parameters (launch azimuth,
orbital altitude, ascent profile) and vehicle parameters (thrust, ISP, and stage
weight). The payloads are the optimum values for those particular sets of mis~-
sion and vehicle parameters for which they are stored. These data are obtained

from sophisticated launch vehicle optimization programs.

Information is also stored for determining a stage impact trace as a
function of mission parameters. This information is also obtained from the

.launch vehicle optimization programs.

These data can quickly be retrieved from the data bank. By using inter-

polation and extrapolation techniques new information can be generated.

The program was designed so that the data banks could easily and quickly
be modified. Appendix B describes the brocedure for accomplishing this. Each
vehicle, for which information is to be stored, has a separate data bank. This
makes the program independent of the vehicle. Information can be stored for one,
two or three stage vehicles. TFor information on the vehicles available as well

as the specific data stored for each vehicle see Appendix C, Section 5.

The following sub-sections describe in detail the specific missions that
the program can handle at present. A detailed discussion is given on the

cataloging procedures used for storing data on the various missions.

The primary objective of the program is to determine performance effects
on launch vehicles due to variations in mission parameters (e.g. orbital atti-

tude, launch azimuth, and ascent profile) and in vehicle parameters (thrust,
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ISP, stage weig?t). The particular missions for which performance variations
‘can be obtained'are:
@ Low Earth Orbits
- Circular
- Elliptical
e Polar Orbits
- Circular
- Elliptical
e High energy missions
& Synchronous orbits.
The polar orbits are not included in the low earth orbit category. This is
because a yaw steering maneuver is used in achieving polar orbits. The gataloging
techniques and the independent parameters for each mission are discussed in detail

in the following subsections.

It will be noticed in the following discussion that the cut-off weight to
a low earth orbit is the actual quantity stored. The program has the capability

of giving the user the cut-off weight, gross payload or net payload.

2.1 PAYLOAD DETERMINATION FOR MISSION PARAMETER VARIATIONS
2.1.1 Low Earth Orbit

2.1.X.1 Circular Orbits. The low earth circular orbits are defined here to be

those orbits whose altitudes range from 100 to 500 n mi. These orbits are
achieved by direct injection with no yaw steering. For a given vehicle, the
cut—-off weight for circular orbits is a function of launch azimuth and orbital

altitude.

Due to range safety restrictions, only the spectrum of launch azimuths of
45 to 145 degrées has been considered. It was found early in the study that
for a fixed launch azimuth the variation in cut-off weight as a function of alti-
tude can be represented with sufficient accuracy by only five data points. The
data points which were selected are the cut-off weights for altitudes of 100,
200, 300, 400 and 500 n mi. Similarly, it was found that payload variation as

a function of launch azimuth for a fixed altitude can also be represented by

2-2
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five data points. The data points selected are launch azimuths of 45, 65, 90,
120, and 145 deérees. Therefore, the basic technique used requires that 25
data points be stored to give adequate coverage for low earth circular orbit
missions., Also stored are the five values of altitude and the five wvalues of
launch azimuth. Table 2-1 shows a typical example. Using the stored data,
the cut-off weight for any desired launch azimuth and orbital altitude can be

obtained by interpolation.

As a consequence of the interpolation method used, it is not necessary to
have equal spacing between the values of the independent variables as can be
seen in the selection of the launch azimuth points., Neither is it necessary
that the data points be stored for the particular values of the independent
variables cited above. It is important, however, that data points be stored
for a launch azimuth of 90 degrees since this is approximately the azimuth at

which the maximum cut-off weight is achieved.

At least five points in altitude and five points in azimuth should be used
in setting up the basic cut-off weight matrix. It is necessary to reduce the
error in interpolating within this matrix to a very low value. This is because
this same matrix is used in determining cut-off weights for the elliptical

orbits and high energy missions as will be discussed later.

The order of the interpolation used in a given direction is one less than
the number of independent variable points for that direction. This nth order
interpolation is the largest possible order for nt+l points. For the example
cited here, the order in each direction is four (4). By spacing the data as
described, it was found that the érror in interpolation was less than a tenth
of one percent. Good results were also obtained for extrapolating short dis-

tances beyond the data bank.

2.1.1.2 Elliptical Orbits. The low earth elliptical orbits are constrained in

altitude, launch azimuth, and ascent profile in the same manner as the circular
orbits. To store data for this mission class naively using the same technique
as was used for the circular orbits, would require the use of three independent

variables. These independent variables are launch azimuth, perigee altitude,

- 2-3
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Table 2-1. CUTOFF WEIGHT AS A FUNCTION OF LAUNCH AZIMUTH AND
CIRCULAR ORBIT ALTITUDE

SATURN V TWO STAGE VEHICLE

LAUNCH : CIRCULAR ORBIT ALTITUDE (n mi)
AZIMUTH 100 200 300 400 500
(DEGREES)
CUTOFF WEIGHT (POUNDS)
45 363886 323586 271788 216087 162728
65 - 372498 330749 277246 219924 165237
90 376720 334257 279906 221794 166447
120 371151 329633 276395 219332 164840
145 358873 319411 268593 213836 161240

2-4
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and apogee altitude. However.. affer exémining data for the cut~off weight as a

function of these independent ‘s.zilmeters a much simpler technique was devised.

For a fixed perigee altitude, the decrease in cut-off weight is a linear func-
tion of apogee altitude for the altitude range previously specified. Figure-Z-l
shows the lines for several different values of perigee altitude. It was found that
the slopes of these lines did not change as a function of launch azimuth. There-

fore, the only data points stored for this problém are the slopes of these lines.

The slope values are stored for the altitude values used in the circular
orbit case. A zero is used for the slope value corresponding to the highest
altitude used. The order of interpolation is set to one less than the number

of altitude points stored.

The following procedure is used to determine the cut-off weight to any low
elliptical earth orbit of a given perigee and apogee altitude. The first step
is to determine the cut-off weight (CSC) to a circular orbit or perigee alti-
tude. This is done using the cut-off matrix described previously. The second
step is to determine the appropriate slope (SLOPE) value for the given perigee
altitude. This is done by interpolating the slope and perigee altitude arrays.
The desired cut-off weight (CWE) is then obtained by: '

CWE = CWC + SLOPE (ALTA-ALTP) |
where ALTA
ALTP

1t

apogee altitude

perigee altitude

2.1.1.3 Perigee Injection into an Elliptical Orbit and Circularizing at Apogee.

The program will make an estimate of the cut-off weight for perigee injection

into a low elliptical earth orbit and then circularizing at apogee. This esti-

mate is based on the mass change calculated by the characteristic velocity

equation. . To do this the program first determines the cut-off weight CWE for

the specified elliptical orbit using the procedure described in subsection

2.1.1.2. The payload for circularizing at apogee CWEC is then obtained by:
CWEC = CWE EXP [-AV/ISP*G]
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where AV = Reguired circularizing velocity change
W .
ISP = Specific impulse
G = Gravity constant.

2.1.2 Polar Orbits

Polar orbits are achieved by executing a yaw steering maneuver at some
time, t; after lift-off. This yaw maneu%er continues at a fixed rate until polar
orbit is achieved. Only launch azimuths of 45 and 145 degrees were considered
for this problem. Two separate data banks are used; one corresponding to the
launch azimuth of 45 degrees and the other for the 145 degree launch azimuth.

The program will mot interpolate between azimuths for this problem.

2.1.2.1 Circular Polar Orbits. The range of altitudes considered for circular

polar orbits was f£rom 100 to 500 n mi. The program is equipped to handle three
different yaw steering times. The rate of yaw steerings is that rate which will
produce the maximmm payload. The cut—~off weight matrix is then generated as a
function of altitude and time of yaw steefing initiation. This cut-off weight
matrix is constructed like the one shown in Figure 2-1 for circular orbits with
no yaw steering. This matrix is stored along with the particular values of
altitude and yaw steering time. Then the cut-off weight for any altitude and

yaw time can be obtained by interpolation.

2.1.2.2 Elliptical Polar Orbits. The range of perigee and apogees for ellipti-

cal orbits has the same range as the circular orbits. For fixed yaw time and
perigee altitude the cut-off weight was found to vary linearly with apogee
altitude. Figure 2-1 shows a typical example for the low elliptical orbits with
no yaw steering. The same characteristics of those curves apply here. It was
found that the slopes of these lines were independent of the time that yaw
steering began. %Therefore, only five points have to be stored. These slope
points correspond to the altitudes used for circular orbit. A zero is input for
the slope value at the highest altitude. The order of interpolation used is one

less than the number of altitude pbints stored,

2-7
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The following procedure is used to determine the cut-off weight to an
elliptical polat orbit with a given perigee and apogee. This is for a fixed
- launch azimuth and yaw steering time. The first step is to determine the cut-
~ off weight (CWPC) to a Qircular orbit with perigee altitude as previously
discussed. Then the slope (SLOPEP) corresponding to the given perigee altitude
is determined. The desired cut-off weight (CWPE) is then obtained by:

CWPE = CWPC + SLOPEP (ALTA-ALTP)

it

where ALTA
ALTP

apogee altitude

perigee altitude.

2.1.3 High Energy Missions

High energy missions are those where the required Vis Viva energy

constant, C (twice the total geocentric energy per unit mass) has been

3,
specified along with a right ascension and declination of the outgoing asymptote.

Interplanetary missions are typically specified in this manner. The 03 missions

considered by the program first proceed to a low circular earth orbit. It is
assumed that the absolute value of the declination of the outgoing asymptote

|§] is sufficiently small to allow a planer C, insertion burn. Under this

assumption and with proper timing, the engines are reignited and continue to

burn 'until the vehicle has achieved the designated 03 value. Thus, as far

as the APT program is concernedya C, value completely specifies the out of

. 3
orbit phase of a high energy mission.

Therefore, for a fixed launch azimuth and parking orbit altitude, the

payload was investigated as a function of C It was found that the fraction

3¢
of the parking orbit cut-off weight remaining when the desired C3 was achieved

is a smooth function of C3 (Figure 2-2). This curve was found to be independent

of launch azimuth. The program stores this curve for a parking orbit altitude

of 100 n mi.

The program uses the following procedure to determine the cut-off

weight to any C, for a given launch azimuth. First, the data stored for low

3
earth circular orbits are used to determine the cut-off weight (CWC) to

2-8
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parking orbit. Then the weight fractdion G(C3) is obtained from the above

mentioned curve® for the designated C The desired cut-off weight at C

3° 3

ingertion (CWC3) is then

J =
CWC, = CWC G(C,).

On some of the larger vehicles considered it was found that for energy

é% levels greater than a certain C, value the altitude of the parking orbit

3
changed. This change in altitude is necessary to increase the final payload.

Stored in the program are two separate weight fraction curves. One curve
corresponds to C, values before the critical C, value and the other curve

3 3
corresponds to C3 values equal to and greater than the critical value. Data

are also stored so that the optimum parking orbit altitude can be calculated

for C3 greater than the critical value.

2.1.4 Synchronous Orbit

The program is capable of handling payload information for both the earth
equatorial synchronous orbit and inclined orbits with synchronous orbit altitudes.
All of these orbits proceed first by direct injection with no yaw steering to a
100 n mi circular parking orbit. Besides calculating a payload to the final
orbit, the program can perform an additional service for this mission. The
progfam will calculate launch azimuth opportunities so that a specified
longitude (hover point) will be obtained for the final orbit. The number
of coasts and the time in orbit is calculated for the respective launch

azimuths.

The cut-off weight to a 100 n mi circular parking orbit is stored as a
function of launch azimuth. The spectrum of launch azimufhs range from 45
to 145 degrees. The cut—-off weight to parking orbit for any launch azimuth
is then obtained by interpolation. The cut-off weight (CWSO) in the final orbit
is obtained from the cut-off weight (CWPO) to parking orbit by:

CWSO = CWPO EXP[-AV/ISP G]

2-10




RORTHROP : TR-796~-9-594

HUNTSVILLE

where AV = required velocity change
ISP = specific impulse
G = gravity constant.

The appropriate velocity changes are obtained assuming a Hohmann transfer

between orbits.

For the earth equatorial synchronous orbit, a 2.5 degree plane change
was performed leaving parking orbit. The remaining plane change is removed
at apogee. This maneuver results in obtaining the maximum payload in the

final orbit. The required AV is given by:

=/ Ky2 B _ 2K /i o
AV /(Rl T~ RVE cos(2.5°)

Ky2 ¢ _ 2K Ju i
+-J4R2 %5 TRAY cos(i~2.5)

where R1 = radius to 100 n mi parking orbit (XM)

= radius to synchronous orbit altitude (KM)
= 39860.2 KM3/SEC2 .

= inclination of parking orbit (degrees)
_/2py R1IRZ-

VRL + R2

e

For the inclined orbit with synchronous orbit altitude no plane change

is required. Therefore, both the angles in the above AV equation are zero.

S I § L
'AV”K[Rl R2:l+/Rl [ %2

where the variables are defined as before.

So,

From actual runs the exponential term in the equation is determined.
This number is then used. as a correction factor on the theoretical wvalue.

A separate number is obtained for both types of orbits. These numbers are

2-11
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stored along with the cut-~off weight for the particular vehicle. These numbers
are computed for a launch azimuth of 90 degrees and assumed to hold over the

spectrum of 45 to 145 degrees.

When a longitude is specified for the final orbit, the program will
calculate the launch azimuth opportunities and determine the number of coasts
required in their corresponding 100 n mi parking orbit. Departure from the
parking orbit occurs at either the ascending or descending nodes. Also deter-—

mined is the time from injection inteo the parking orbit to the first des-

cending node and the time from this node to departure. The data used for this

portion of the program were taken from reference 2.

2.2 PAYLOAD DETERMINATION FOR VARIATIONS IN VEHICLE PARAMETERS
Each vehicle is described in its respective data block by three parameters
for each stage. These three parameters are initial thrust level, specific
impulse, and dry stage weight. The effects of performance variations due to
changes in any of these parameters are predicted by psuedo-partial derivatives

of payload with respect to each parameter. These psuedo-partial derivatives are

called exchange ratios.

The exchange ratio for a particular vehicle parameter is obtained by

varying this vehicle parameter and holding all other mission and vehicle

parameters constant. The value of the exchange ratio is then the variation
in payload divided by the change in vehicle parameter (Figure 2-3). The

variations in the vehicle parameters are kept small so that the resulting

variation is payload in linear.

Exchange ratios are stored as a function of altitude for low circular

earth orbits and a function of C, for high energy missions.

o 3

The exchange ratios also have to be determined as a function of vehicle

stage. These exchange curves are found to be independent of launch azimuth,

These exchange ratios are then stored as a function of stage and mission

parameter. The corresponding mission parameter values are also stored.

2~12
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Interpolation or extrapolation can then be used to determine the exchange ratio
for any specified stage at any altitude or energy. The payload change for a
given amount of change in the vehicle parameter equéls the product of the

exchange ratio times the amount of change.

Care should be taken in using these exchange ratios. The limits indicated
for each variable should not be exceeded. The variations in payload can only

be assumed linear between the given limits.

2.2.%  Thrust
The variations in thrust were + 5 percent of the nominal value on each
stage§ For those stages with programmed thrust level changes as a function of

time, the entire thrust curve was increased by 5 percent,

2.2.2  Specific Impulse

The variations in ISP were + 5 seconds in the first stage and + 10

seconds in the upper stages.

2.2.3  Stage Weight
The variations in stage weight were + 5 percent for the lower stages.
For the last- stage this exchange ratio is -1. Thus, for each pound of

structure weight there is a loss of one pound of payload.

2.3 STAGE IMPACT TRACE

It is necessary to know the point that the vehicle would impact the earth
if the engines failed before orbital or escape velocity is obtained. The
program can store sufficient data to determine an impact point trace as a
function of engine failure time for the various missions. Two separate methods

are used for handling:- (1) the cases with no yaw steering and (2) those with

yaw steering (Polar Orbits). The program presently will handle only impact
traces for wariations in mission parameters using nominal values of the vehicle

parameters.

For a given set of mission parameters, the latitude and longitude of the

stage impact point as a function of time was obtained from the ROBOT deck
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{ref. 10). These latitude and longitude points as a function of time after
Aift-off were then curve fitted separately using the method of least squares.
The resultisg coefficients were then stored in the program.' It was found that
@ sixth—~order polynomial is a good fit for both the latitude and longitude
points. By uwsing this method, the number of points that had to be stored was

weduced considerably.

The ROBOT deck has the capability of calculating the impact point of a
wehicle on a spherical earth., This calculation is made at each time step in
the integration of the ascent trajectory. The program is also capable of
integrating the booster's trajectory back to the ground. Integrating the
trajectories back would require an unacceptable number of runs to/obtain sufficent
information for all missions. The results from the two method were sufficiently

e¢lose so0 that the predictions by the former method were used.

Since & spherical earth is used in calculating the impact points, a single
method was devised to handle the traces as a function of launch azimuth. This
method is good for trajectories where no yaw steering is used. For a given set
of mission parameters the coefficients of the latitude and longitude curve fits
are stored. These points are taken for a launch azimuth of 90 degrees. The
impact trace corresponding to any other launch azimuth can be obtained by
rotating the 90 degree trace about an axis through the launch site to the center

of the earth. The angle through which the trace is rotated is equal to the

‘difference in the two launch azimuths.

The following rotations are required to obtain the impact trace for any

launch azimsth from the 90 degree trace, see Figure 2-4.

= reanx

here

X = Column matrix for the components of the 1mpact point for the 90 degree
trace at any time t,
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LAUNCH SITE

Figure 2-4.

ANGLES USED IN DETERMINING TRANSFORMATION MATRIX FOR

CALCULATING STAGE IMPACT TRACES
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T, (6(1)) = Rotational matrix about the Z-axis through an angle 6(1).

(1) = refers to angles associated with the 90 degree trace.

and
M-z ianxt
LI _ ;IZ(—W(l))X,II
v IIL

XV =z w2
x¥ =z Geng™

2=z ey’

where (2) = refers to angles associated with the desired launch azimuth.

Therefore the desired impact point is found by:

2" = 1 (0(2) L (1) I w(2) I, (-w(1) T (-i(1) I,(e(DX

The values of i(l) and 6(1l) are 28.37 and 9.43 degrees respectively. The

value for w(l) was found by rotating the launch sight points on to the XIII

coordinate system and taking the angle between the resulting X and Y components.
Referring to Figure 2-4, it can be seen that:

T,(-8(2)) L(1(2) T,((2)) = L, (-8(1) T, (1(1)) L, (w(1)) L,(AZ-90)

where AZ = desired launch azimuth.

Therefore the desired impact point can be found by:

I

I 2

I, (AZ-90) AX

where
= T, (-w(1)) L (=1(1) I,(e(1))

[ESRR S

= transpose of A
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The matrices A and A are stored in the program and only the matrix EX (AZ-90)
has to be compuwted each time. The results obtained using this method are in

excellent agreement with data taken from actual ROBOT runs.

2.3.1 Low Earth Orbits

2.3.1.1 Circular Orbits. The low earth circular orbits are achieved by direct

injection with no yaw steering. The coefficients of the latitude and longitude
curves are stored as a function of orbital altitude for a launch azimuth of 90
degrees, The altitudes usually correspond to those used in the payload deter-
mination. The trace for any launch azimuth can be obtained using the previously

described method. Interpolation can be used to get the trace for any altitude.

2.3.1.2 Elliptical Orbits. These orbits are also obtained by direct injection

with no yaw steering. It was found that the impact traces for an elliptical
orbit for a fixed perigee varied only slightly from the one for a circular orbit
with perigee altitude. Therefore the elliptical impact traces are handled by
using the data for the circular orbits. The program interpolates on altitude

to obtain the correcg perigee agltitude and rotates the trace to the designated

launch azimuth.

2.3.2 Polar Orbits

-2.3.2.1 Circular Orbits. A different technique from the one described previously

is used to determine the impact traces for polar orbit. Since a yaw steering
maneuver is used during the ascent an additional variable must be considered.
The coefficient for‘the latitude and longitude curve fits are stored as a
function of circular orbital altitude and the time yaw steering began. The

impact point for any time is then obtained by interpolation.

2.3.2.2 Elliptical Orbits. The variation between the impact traces to an

elliptical polar orbit and to a circular polar orbit of perigee altitude was
very slight. Therefore the traces to elliptical polar orbits are calculated
using the data for circular polar orbits. The altitude is interpolated to

correspond to the designated perigee value,
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Z2.3.3 High Energy Missions
All the *high energy missions considered proceed first through a circular
parking orbit. The program will presently handle an impact trace to a 100 n mi

parking orbit. The coefficients of the latitude and longitude curve fits are
stored as a function of the energy. These traces are obtained for a launch

azimuth of 90 degrees. The impact trace for any launch azimuth is obtained by
rotating the stored trace as described previously. The change in the trace for

a given energy is obtained by interpolation.

2.3.4 Synchronous Orbits
All synchronous orbits considered by the program proceed through a

330 n mi circular parking orbit. The coefficients of the latitude and longi-
tude curves are stored for a launch azimuth of 90 degrees. The variation in
the impact trace due to a change in launch azimuth is handled by rotating this

trace as described previously.
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Section i}

METHOD OF INTERPOLATING AND EXTRAPOLATING

- 3.1 BASIC METHOD

The Lagrange method of interpolating was selected for the program. One.
of the major reasons for selecting this method was that it does not require
equal spacing between. consecutive values of the independent variable. This
feature alsc allows the Lagrange method to be'readily used for inverse inter-—
polation. The method was easily programmed and extended to handle several
independent variables. - The value of the dependent variable obtained is indepen-

dent of which independent variable was interpolated for first.

This method fits an nth degree polynomial through the ntl points formed
by the dependent amd independent variables. The resulting polynomial approxi-
mates the function through the data points and can be used for interpelation
and extrapolation. A derivation of this formula can be found in most numerical

analysis books, see references 3, 4, or 6.

3.2 MULTIDIMENSIONAL INTERPOLATION

A multi-dimensional interpolation subroutine was developed which can
handle up to four independent variables. The routine is supplied with
independent and dependent variable arrays, the number of points in each array,
the order of interpolation desired, and the values of the independent variable
for which a result is to be obtained. The largest order of interpolation
allowable for n points is n~1. The program is designed to use Lagrange's
method to interpolate or extrapolate for a particular value of the dependent
variable. There is also a feature such that the coefficients for some poly-
nomial can be supplied to this routine through the dependent variables array.
The desired dependent variable is then obtained by raising the given wvalue of
the independent variable to the appropriate powers and multiplying them by

the corresponding coefficients.
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Thz routine will handle a combination of the above methods. In doing this

. ~the roeffizient's of the curve fit must be the first independent variable supplied.

Seefgpégn&ixes B and C for description of the data storage‘system and input
descriptioﬁ, respectively. This was developed to handle stage impact tfaces.

- The impact points are curve fitted as a function of engine failure time and
the coefficients are stored as a function of mission parameters such as altitude

or energy.

. 3.3 FIGURE OF MERIT
As previously discussed, payload to any altitude or azimuth is computed
by interpolating and extrapolating in a stored array of data. Empirical results

have shown that the Lagrange interpolation formula can determine payloads

within the array that are accurate to 0.1 percent or less. This error is

.%ﬁ .. small enough to disregard. This accuracy is obtained by using the largest
& order of interpolation possible.

A .

T e Empirical results have also shown that the Lagrange Formula when used
" . to extrapolate outside the array produces errors as greal as six percent.
’éng'” ids error occurred at one spacing outside the data bank in the altitude

direction. The spacing in altitude is 100 n mi. Payloads computed by extra-

polation are only acceptable when the error limits can be predicted to a

tolerance of + 2 percent. The standard Lagrange remainder term cannot be

computed because the higher derivative of payload with respect to azimuth or

"altitude is not known. Several techniques were derived to predict this error
and establish a figure of merit. The most favorable of these schemes is

described below.

A grid of payloads as a function of launch azimuth and circular orbital
altitude was generated using a two-stage Saturn V vehicle. The altitude

ranged from 100 to 500 n mi with an average delta of 100 n mi. Launch azimuth

ranged from 45 to 145 degrees with an average delta of 20 degrees. The mean

error encountered in extrapolating to an altitude of 600 n mi for all azimuths

was found to be 5.5 percent. Similarly, the extrapolation error for azimuths

of 0 to 180 degrees was found to be 1 percent.
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The figure of merit is computed assuming that the error increases linearly
in each of the “two independent variables. The empirical data mentioned above
were used to determine the slopes for the error curves. The total error is
thus the sum of the two errors. This value is presented as the figure of

merit and is printed only when the predicted value exceeds 2 percent.
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Section 1V

¢ - .
RESULTS, CONCLUSIONS, AND RECOMMENDATIONS

4.1 RESULTS AND CONCLUSIONS

The principal result of the study was the design, construction, and de-
bugging of the Automatic Performance Prediction (APT) computer program. The
successful development of the program satisfies the study objectives given in

subsection 1.2 in every respect.

From the study, it has been shown that excellent results can be obtained
from a computer program of this nature. The program performs well in deter-
mining both payload information and stage impact traces. The cataloging
techbniques developed for the various missions will be extremely useful in

generating data for a new vehicle.

The study showed that data from optimization programs could be stored
and numerical methods used to interpolate or extrapolate for new data. The
error due to interpolation for payload as a function of launch azimuth and
circular orbital altitude was consistently less than a tenth of a percent.
The speed with which the program performs makes it a very useful tool for
preliminary mission studies, The program has the capabilities of being
expanded in the future to handle problems in different areas. By systematically
studying the problems iﬁ related areas, it appears that similar techniques can

be used for storing and retrieving useful information.

4.2 RECOMMENDATIONS

The following recommendations are made for increasing the usefulness of
the program to the mission planner. These recommendations, if implemented,
will give the planner the capability of faster response to problems from con-

ception to the final reports.

& Develop into the program the capability to call sophisticated launch
vehicle optimization programs. Thus, when searching for information
which lies at a large distance outside the data bank, the optimization
programs would be called. Runs could then be made using the
optimization decks that would increase the data bank to the appropriate
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size. The appropriate size would be where the error encountered by
interpolation and extrapolation would be acceptable. This information
generated would then be stored for future use.

Another use for.this feature would be with new vehicles, Here the
appropriate vehicle data could be supplied along with the types of
missions to be considered. A data spectrum would then be generated

for a given misgion in accordance with the cataloging techniques
previously defined. These data could then be stored for future use.

This option would reduce human error to a minimum. The gain in efficiency
would greatly increase the mission planner's response capability for
preliminary studies.

e It is recommended that a conversatiocnal mode be added to the program.
This feature would allow the user to communicate with the program and
would allow the program to be used by more people by eliminating the
time required to study program documentation.

With a conversational mode the program would proceed in the following
manner. Initially, the program would display the program's major options
in sequence to the user. The user could select the desired options by
input through a typewriter. After selecting the various options, the
program would then display the corresponding information stored for the
various vehicles. The user would then select the appropriate vehicles.
The program, stepwise, would show the user how to input values for the
mission and vehicle parameter cases for which data are desired. The
program would then determine the desired numbers by interpolating and
extrapolating. The program would then display output options which are
available. This process could be repeated until the user has solved
his particular problem. This type of mode could also be connected to
the storage banks. Then the user could be given detailed instructions
in how to store his data for future use. :

¢ At present, the program only outputs using a standard printer. The
incorporation of the use of other types of output devices would enhance
the usefulness of the program. The addition of plotting routines could
be used to show trends in vehicle performance. They could also be used
to show impact trace on a graph of the earth. The use of an oscilloscope
output would be helpful in connection with the conversational mode.
The output mode would also allow the user to see his results before
having them printed.
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Appendix A

CONMPUTER PROGRAM DESCRIPTION

i e

A1 GENERAL
The program was written using FORTRAN IV language. It requires a machine

~ of at least 32,000 words of core and the system must have an overlay feature.

The program presently accepts card input.

A.2 MACRO FLOW CHART

3 Figure A-1 shows the various options available in the program. In each

block is the subroutine name which corresponds to the various options.

T

A.3 DATA BANK

% Through the subroutine BANK, the appropriate data bank is loaded into

g core. Figure A-2 is a diagram depicting how the data banks are linked to the
3 program.

*

% The data stored by the program is in BLOCK DATA subroutines. Each BLOCK
3 -DATA routine contains all the information on a particular vehicle. Since only
y one set of vehicle data is needed in core at any one time, the BLOCK DATA

§ routines are.overlayed.

g Only executable‘subroutines or functions may be referenced in an overlay
) structure. Therefore, the following technique was used to assure loading of

§ the desired block data routine. Behind each block data routine is placed a

4 reference subroutine which causes no program action but does define an overlay
] origin point. The main program executes a call to the appropriate vehicle ’
§ reference subroutine. This call causes the information in the block data

routine to be Ioaded with the overlay segment defined by the reference subroutine.

Rtk
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Appendix B

“r“.-AAGE METHOD DESCRIPTION'

B.1 GENERAL

The cataloging techniques described previously determine what information
will be stored for a given mission. The information making up a data bank is
sorted in BLOCK DATA subroutines. By storing the data in this manner it was not
necessary to develop programs to write and read data from a tape. With this

method it is very easy to make corrections and additions to the data banks.

A BLOCK DATA routine contains all the information to be stored for one

particular vehicle.

B.2 INSTRUCTIONS

The following dictionary gives a brief description of each FORTRAN variable

under which data are sﬁored in the data banks. Beside eéch FORTRAN wvariable

.#re the wctual mission parameters upon which it is functionally dependent.

Also listed is the maximum dimension allowed for the variable. All the FORTRAN
variables are singly subscripted, for easier program handling of arrays. The
variable type is also indicated. An F designates floating pbint, an I designates

integer, and an A designates alphameric.

Consider the data for the dépendent variable to be represented by a large
matrix, A. Let the independent variable arrays be X1, X2, and X3. Here X1,
for example, could represent altitudes of 100 to 500 n mi. Then the data for
A(X1, X2, X3) is stored for the first independent variable (here X1) varying

the fastest and the last independent variable (here X3) wvarying the slowest.

To illustrate how data are input, 'consider the first set of variables
described in the dictionary which follows. These variables are NX, NORX, X,
and Fl. Assume that there had been 6 launch azimuths and 3 altitudes. The X

array would then consist of 6 values of launch azimuth followed by three values

..of altitrude. The variables are input in increasing order. The value of NX(1)

B-1
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and NX(2) wouldebe 6 and 3, respectively. The product of NX(1) with NX(2)

must be less than or equal to 25. The product of the number of points of each
of the independent variables must be less than or equal to the dimension for
the dependent variable array. The order of interpolation could be 5th and 1lst,
respectively. Thus set NORX(1) = 5 and NORX(2) = 1. The values for the
dependent variable are input in accordance with the above statement. Here
azimuth and altitude correspond to the first and second subscripts respectively.
For our examples the first six values of Fl would be the cut—off weights of the
first altitude values for the six values of launch azimuth. The next six values
would correspond to the second altitude and all launch azimuths. This process is
econtinued until the values for all altitudes are input. For this example there

would be 18 values of Fl corresponding to the six azimuth and three altitude values.

To store data for the stage impact traces the following rules must be
followed. The first independent variable is the time of engine failure. The
coefficients of the impact points latitude and longitude curve fits are input
forBincreasigg powers of time. For example let the latitude = a + ay t + azt2 +
a,t ... a6t . Then the coefficients are input in the following order a a

3
By eeee ag.

l,

The input has been divided into several sections indicated by horizontal

bars. Above each section is a brief description of the mission for which the

-data is being stored. All information must be input for the program to operate

properly.

If the maximum order of interpolation is desired for a particular para-
meter, set the appropriate FORTRAN variable for order equal to one less than

the number of points for that parameter.
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B.3 DATA STORAGE INPUT DICTIONARY

Variable. Maximum
Name Funétion " ‘Dimension Description

Pavipad Determination for Low Circular Earth Orbits

5.4 2 (1) Number of launch azimuths used for
payload determination . (1)
(2) Number of circular orbit altitudes.
_NORX 2 (1) Order of interpolation in the
azimuth direction. (I)
(2) Order of interpolation in the
altitude direction.

X (Azimuth, (10) Independent variable array for payload
Altitude) determination for mission parameters.

The first NX(1) values correspond to
azimuth and the next NX(2) values corre-
spond to altitude. (F)
F1 (Azimuth, (25) Dependent array of cut-off weights to
Altitude) circular orbits. (F)

Pavlead Determination for Low Elliptical Earth Orbits

NXE Number of points in the SLOPE array. (I)

NORE Order of interpolation for SLOPE. (I)

SLOPE (Perigee (5) Slopes of the payload versus apogee
Altitude) altitude lines as a function of perigee

altitude. Perigee altitude should corre-
spond to altitudes used in X array. (F)

-

Stage Impact TRACE for Low Circular Earth Orbits*

NXLLP (3) (1) Number of coefficients stored for
the stage impact point versus engine
failure time. Set equal to 7. (I)
(2) Number of altitudes.

NORLLP (3) (1) Set equal to 7. (1)

(2) Order of interpolation for altitude
direction.

XLLP (Engine cut (16) Input 7 zeroes followed by NXLLP(2)
off time : values of the altitudes. (F)
altitude) A

F2 (Engine (35) Coefficients of the impact point latitude
cutoff versus engine failure time curve fit. (F)
time,
altitude) A ) _

F3 (Engine (35) Coefficients of the impact point longitude
cut—off versus engine failure time curve fit. (F)
time, '
altitude)

*Input values for-a launch azimuth of 90 degrees.
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Payload Determination for High

Energy Missions

NXC3 (2)

(2)
(15)

NORC3

SLOPC (€3}

C3COFF

NSOPAL
NORPAL
SLOPAL

(C3) (5)

Number of points in SLOPC curve
before critical C3 wvalue. (I)
Number of points in SLOPC curve
after critical C3 value. (I)
Order of interpolation for NXC3(1)
Order of interpolation for NXC3(2)

oy
(2)

(1)
(2)

Fraction of cut—off weight to parking

orbit left after burning to the desired
C3. The first NXC3(l) values are deter-
mined using a 100 n mi parking orbit. (F)
C3 value where parking orbit altitude
changes from 100 n mi in order to in-
crease payload at desired C3. (F)

Number of points in the SLOPAL array (I)
Order of interpolation of SLOPAL. (I)
Dependent array for determining the
optimum parking orbit altitude to get
maximum payload to a C3 greater than
C3COFF. (F)

Stage Impact Trace to Parking Orbit for High Energy Migssions®

NXLLC3 (3)

NORLC3 (3)

(Engine (15)
cut-off time,
C3) V
(Engine
cut-off time,
C3)

(Engine
cut—-off time,

C3)

XLLC3
F4 (70)

F5 (70)

Number of coefficients for the
latitude curve fit. Set equal to 7.
Number of C3 wvalues.

Order of interpolation for
NXLLC3(1). Set equal to 7.
Order of interpolation for
NXLLC3(2).

Independent variable array. Input 7
zeroes followed by NXLLC3(2) €3 values,
(¥)

Coefficients of the impact point
versus engine cut-off time curve

¢y

(2)
(1)

(2

(

(1)

latitude
fit. (F)

longitude
fit. (F)

Coefficients of the impact point
versus engine cut-off time curve

Payload Determination to

Circular Polar Orbits

NXYP1#% (2)

NORYP1 (2)

Number of altitudes. (I)

Number of different times that yaw
steering begins.

Order of interpolation for
NXYP1(1). (D)

Order of interpolation for
NXYP1(2).

(1)
(2)

(1
(2)

*Input values for a launch azimuth of 90 degrees.
**%Refers to a launch azimuth of 45 degrees.
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XYP1l (Altitude, Time (8) Independent variable array. First
of *Yaw Steering NXYP1(l) values of altitude followed
initiation) by NXYP1(2) values of yaw times.

FY1 (Altitude, Time 25) Dependent array of cut—off weights to
of Yaw Steering circular polar orbits. (F)
initiation) 7 , o

NXYP2 Defined as above for a launch azimuth

NORYP2 145 degrees

XYp2

FY11

Payload Determination to Elliptical Polar Orbits

NXEY1#=% Number of points in the SOPEY1l array. (I)

NOEY1 Order of interpolation of SOPEYLl. -(I)

SOPEY1 (Perigee (5) Slopes of the payload versus apogee
altitude) altitude lines as a function of perigee

altitude. Perigee altitudes should
correspond to the altitudes used in
XYpl., (¥)

NXEY2 Defined as above but for a launch azimuth

NOEY2 of 145 degrees.

SOPEY2

Stage Impact TRACE to Circular Polar Orbits
NXYLP1##* (3) (1) Number of coefficients stored for
impact point trace as a function of
engine cut-off time. Set equal 7. (I)
(2) Number of altitudes
(3) Number of times yaw steering begun.
NRYLP1 (3) (1) Order of interpolation for
’ ‘ NXYLP1(1l). Set-equal to 7. (I)
(2) Order of interpolation for NXYLP1(2).
(3) Order of interpolation for NXYLP1(3).

XYLLP1 (Time of engine (15) Independent variable array. Input 7 zeroes
cut-off, altitude, followed by NXYP1(2) values of altitude
time vaw steering followed by NXYP2(3) values when yaw
initiated steering was begun. (F)

FY2 (Time of engine (105) Coefficients of the impact point latitude
cut-off, altitude, versus engine cut-off time curve fit. (F)
time yaw steering
initiated .

FY3 (Time of engine (105) Coefficients of the impact point longitude
cut~off, altitude, versus engine cut-off time curve fit. (F)
time yaw steering
initiated

NXYLP2 Defined as above, but for a launch azimuth

NRYLP2 of 145 degrees.

XYLLP1

FYl2

FY1i3

*%*Refers to a launch azimuth of 45 degrees
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Payload Determination for Synchronous Orbits

L

NXSY Number of points in XSAZ array. (I)
NRSY Order of interpolation in XSAZ. (I)
XSAZ (Launch o Independent array of launch azimuth for
azimuth) ' 1060 n mi circular parking orbits. (F)
FY4 (Launch (10) Dependent array of cut—off weights to
azimuth) 100 n mi circular parking orbits. (F)

Stage Impact TRACE to 100 n mi Parking Orbit for Synchronous Orbits

NLXY Number of coefficients for the stage
impact trace versus engine cut-off
time curve fit. Set equal to 7. (I)

NLERSY Order of interpolation. Set equal to 7. (I)
FY14 (Launch (7) Coefficients of the impact point latitude
azimuth) versus engine cut—~off time curve fit. For
a launch azimuth of 90 degrees. (F)
FY15 {(Launch (7) Coefficients of the impact point longitude
azimuth versus engine cut-off time curve fit. For

a launch azimuth of 90 degrees. (F)

Vehicle Information

AME (4) * Name of vehicle etc. (A)
4 word description
NSTGS Number of stages for the vehiecle. (I)
VENOM (Item, Stage) (3,3) Nominal values of the item for each stage.
J =1, 3), (¥)

(I = 1, NSTGS) Item 1 Thrust (Pounds)
. Item 2 ISP (Seconds)
Item 3 Stage Weight (Pounds)

Exchange Ratio Information as a Function of Altitude

THRUST

NPTA{T) *%% (Stage) (3) (i) Number of altitude points for XETA

for the it stage. (I) | h
KRTA{TD) (Stage) (3) (i) Order of interpolation for the i stage.
XETA(J,I) (Altitude, (15) Particular values of altitude used with

Stage) the thrust exchange ratios for each

stage. (F)

FTA{J,1) (Altitude, (15) Values of the thrust exchange ratios
stage) for each altitude and stage. (F)

i

*%%L = 1, NSTGS .

1, No. of Altitude Points

et
i
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ISP
o Z0r
 NPISA(IL) (Stage) (3) (i) Number of altitude points for XEISA
. array for the ith stage. (I)
NRISA(I) (Stage) (3) (i) Order of interpolation for the ith
’ stage. (I) .
XEISA(J,I) (Altitude, (15) Particular values of altitude used with
stage) ' the ISP exchange ratios for each stage. (F)
FISPA(J,I) (Altitude, (15) Values of the ISP exchange ratios for
stage) each altitude and stage. (F)
Stage Weight
NPSWA(T) (Stage) (3) (i) Number of altitude points for XESWA
array for the ith stage. (I)
NRSWA(I) (Stage) (3) (i) Order of dinterpolation for the ith
stage. (I)
XESWA(J,I) (Altitude, (15) Particular values of altitude used with
stage) the stage weight exchange ratios for
each stage. (F)
FSWA(J,I) (Altitude, (15) Values of the stage weight exchange
stage) ratios for each altitude and stage. (F)
Exchange Ratio Information as a Function of C3
FTC
XETC
NPTC
NRTC
FISPC
XEISC Defined. as above but for C3 instead
NRISC of altitude.
FSWC
XESWC
NPSWC
NRSWC
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Appendix C

INPUT DATA DESCRIPTION

- e

C.1 GENERAL

This section contains the dictionary describing the program options,
mission, and vehicle parameters. The following instructions should be read
carefully before trying to inpﬁt the program. Following the option dictionary

is a chart describing the sections of the mission and vehicle parameters which

must be input for the various options selected.

All data are input to the program through NAMELIST. NAMELIST allows the
reading and writing of data without the use of an input/output list. Each
NAMELIST must be referenced by name. The NAMELIST name for this program is
"ONE". .. The first column of all data cards is ignored by NAMELIST. The first
data card beging with a $ in column 2 followed by the NAMELIST name "ONE".

The name ONE is followed by omne or more blanks, Each item is input as variable

. name=constant followed by a comma. A $END following the last item indicates an

end of data to the NAMELIST. The reader is referred to reference 9 for a

»

There is a slight variation in the NAMELIST formats between computers.

Input problems can be avoided by consulting a programmer.

-C.2 INPUT DICTIONARY

C.2.1 Option Dictionary
The following is a description of the options available in the program
and the FORTRAN variable associated by each. To select an option, set the

appropriate variable name equal to number by the particular choice.

C.2.1.1 Primary Computer Objectives. The primary objective of the program

is to determine payload to various orbits as a function of mission and vehicle
parameters. The program is also capable of determining a stage impact trace

as a function of mission parameters. The user must select one of the following

e OpLians s
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NOPTI = 1 [Payload determination as a function of mission parameters.
2 Stage impact trace as a function of mission parameters.

3 Payload determination as a function of vehicle parameters.

C.2.1.2 Types of Missions. The following missions are available in the

program. The low earth orbits are achieved with no yaw steering. Polar orbits
are achieved by using a launch azimuth of 45 or 145 degrees. The high energy and
synchronous orbits proceed first through a 100 n mi circular parking orbit. The

user must seleect one.

NOPT2 = 1 Low Earth Orbit
2 Polar Orbit
3 High Energy

4 Synchronous Orbit

C.2.1.3 Types of Orbits. There are three types of orbits available for low
earth and polar orbits., The user must pick one if NOPT2 is equal to 1 or 2.
NOPT3 = 1 Circular
2 Elliptical

3 Perigee injection onto an elliptical orbit and circulariation
at apogee.,

The following options are initially set to 1 by the program. If the first
choice of each option will satisfy the user's needs, then no further input is

necessary from this section.

€.2.1.4 Payload Option. This option gives the user the choice of having the

final answer printed as cutoff weight, gross or net payload.
NOPT4 = 1 Cutoff Weight (pounds)
2 Gross Weight (pounds)

3 New Weight (pounds)

C.2.1.5 OQutput of Option 1. This option is only used if NOPT2 and NOPT3

equal one. The payload output may be printed as a function of azimuth running

c-2
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across the page and altitude running down, or the reverse, where altitude rums

LI
across and azimuth down.

NOPTI5 = 1 Payload output as a function of launch azimuth across the
page with altitude down the page.

2 Payload as a function of altitude across page and azimuth down.

€C.2.1.6 Qutput of Option 2. This option allows the user to make multiple

copies of the output.

NOPT6 = N, Prints N copy(s) of output.

This option gives the user two print options. The output from each
vehicle may be printed on separate pages, or as much information as possible
for several vehicles may be printed on one page.

NOPT7 = 1 Prints results from 1 vehicle per page.

2 Prints results for several vehicles per page.

€C.2.1.7 Curve Fit Option., This option allows the user to curve fit the stage

impact traces. The latitude and longitude points are input as a function of
time. The program then curve fits the points using the method of least squares.

The coefficients are output on cards which can be stored in the data banks.

To select this option input the following card, starting in column 2.
$0Nﬁ NOPT8 = 2 SEND. This is done because the curve fit routines read
pertinent information in themselves. They also use the NAMELIST name ONE.

The curve fit routine is designed to generate data that can be stored directly
in the data banks. In order that this option perform properly input the
information to be curve fitted in the following manner. Indicate the numbef of
altitudes or C3s for which impact traces are to be curve fitted. Do this by
inputing the following card, starting in column 2. SONE NSE = n $END. Here

n is the number of altitudes or C3's. Then the routine reads the first set of
latitude and time point, which correspond to the first attitude or C3.. After
curve fitting these points the coefficients are stored on cards. Then the
program reads another set of latitude points and repeats the process. After

the program has curve fitted the latitude points for all altitudes or C3, then

c-3
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input the longitude points in the same manner. For each curve fit, the data is
input in NAMELIST $ONE as described in Section 8. For each complete set of

latitude and longitude coefficients there are two additional cards punched.

The first card contains, starting in column 7

DATA FY—/

The following cards contain the coefficients. To use these cards, insert
the correct number for this data in the -- locations, then insert these cards
into the data bank for the appropriate vehicle. See Appendix B, Section 3 to

determine the appropriate FY name.

C.3 PARAMETER~OFHON COORDINATION

This section is to help the user determine which vehicle and mission
parameters must be input for the particular choices of the options selected.
Listed below are the various combinations of Options 1, 2, and 3 that the
program will run. Under each combination is a list of the sections from

Dictionary C.4 that must be input to obtain a run.

Section 1 of dictionary C.4 must always be input for any combination of

option except for option 8.
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NOP‘TI . NOPT2 NOPT:’) . SECTIONS
1 1 1, 2, 3 2
1 2 1, 2, 3 2, 4
1 3 1 2, 3
1 4 1 6
2 1 1, 2, 3 2, 5
2 2 1, 2, 3 2, 4, 5
2 3 1 2, 3, 5
2 4 1 5, 6
3 1 1 2, 7
3 3 1 2, 3, 7
NOPTS . 8
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C4 MISSION AND VEHICLE PARAMETER INPUT DICTIONARY

The following dictionary is divided into sections which are separated by

| horizontal bars. If a particular section is applicable to the user's problem,
then all information between the bars must be supplied. The variable type is

also listed. An "F" indicates a floating point variable, an "I" indicates an

integer,
Maximum
Section Variable Name Dimension Description
1 NOVEH 1 The number of different vehicles to be
considered for the rum. (I)
NOVE (1) 10 Particular vehicles desired, see
(I=1, NOVEH) Vehicle Dictionary E. (I)
2 NALT 1 Number of different altitudes to be
Considered. (1)
ALT(I) 10 Particular altitudes for circular orbits.
(F).
(I=1, NALT) Perigee altitudes for elliptical orbit,
NFLAG = 1 input launch azimuth
= 2 input orbital inclination (1)
IFF Use only if NFLAG=2.
= 1 northerly launch
= 2 southernly launch
NAZ 1 Number of different launch azimuths (1)
AZ(T) 10 Particular launch azimuth desired. Set
(I=1, NAZ) to 45 or 145 for polar orbits. (F)
AINC(T) i0 Particular values of orbital inclination
(I=1, NAZ) (F) :
NALTA 1 Number of apogee altitudes to consider. (I)
ALTA(TL) 10 Particular apogee altitudes desired. (F)
(I=1, NALTA)
3 NC3 1 Number of high energy missions desired. (I)
C3(D) 10 Particular value of C3 desired. (F)
(I=1, NC3)
4 NTYAW(I) . 10 . Number of times to consider'yaw steering to
(I=1, NOVEH) begin for the Ith vehicle. (I) _
TYAW(J,1) (5, 10) Time after liftoff to begin yaw steering. (F)
- (I=1, NOVEH)
(J=1, 5)
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Maximum
Section Variable Name Dimension Description
5 NTBOS (I) 10 Number of time points in stage impact
(I=1, NOVEH) trace per vehicle. (1)
DTBCS (1) 10 Time step in impact trace per vehicle.
(I=1, NOVEH) (F)
TBOST (1) 10 Time to start impact trace per vehicle.

(I=1, NOVEH) (SEC) (F)

6 NSYKC 1 .= 1 Equatorial synchronous orbit hover
point specified. (1)

= 2 Equatorial synchronous orbit Launch
azimuth for parking orbit specified.
(Also Input Section 2)

= 3 Synchronous orbit altitude hover
point specified.

= 4 Synchronous orbit altitude launch
azimuth for parking orbit specified.
(Also Input Section 2)

ALOND(I) 10 Longitude (degrees) of desired hover
(I=1, NOVEH) point per vehicle. (F)

The following information is for obtaining runs for variations -in the wvehicle
parameters. First the desired mission parameters should be selected, then the
stages and itgms selected for change must be indicated to the program in increas-
ing order. That is, if two stages of a three-stage vehicle are to changed,‘theh
the lower must be indicated first. The items must be taken in the following order:

thrust, ISP, and stage weight.

Maximum
Section Variable Name Dimension Description
7 NSTAGS (1) 10 Number of stages on which parameter
(I=1, NOVEH) variations are to be performed per
vehicle. (I)
NSTAG(J,I) (3,10) Particular stage to be changed. (I)

(J=1, NSTAGS(I))
(I=1, NOVEH)

ITEMS (J,1) (3,10) . Number of items (vehicle parameters)
(J=1, NSTAGS(I))to be varied for a given stage and
(I=1, NOVEH) vehicle. (1)

ITEM (K,L) (3,3) Particular item to be varied. (I)
(K=1, ITEMS (J,I)) = 1 For a variation in Thrust
(L=1, NSTAGE (J,1)) 2 For a variation in ISP

]

3 For a variation in Stage weight

C~7
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Maximum
Section Variable Name Dimension v Description
DELPR(K,L) (3,3) Desired change in a particular item

(K=1, ITEMS(J,I)) per stage. (F)
(L=1, NSTAGE(J,1)) pprqs 1TEM 1 in %

DELTA ITEM 2 in sec.
DELTA ITEM 3 in %

& NSET Number of different altitudes or C3

for which trace is desired. (I)

NP Number of points for the independent
variable. (I)

TIME (100) The independent variable time. (F)

TRACE (100) -Dependent variable (latitude or
longitude) corresponding to time array.
(F)

C.b VEHICLE . DICTIONARY
This dictionary defines the current vehicles and associated missions for
which data are stored. To select a vehicie, set the varisble NOVE(I) from

Dictionary D equal to the correponding number.

Exchange Ratio Function

Number Vehicle Mission Altitude Cc3
I SATURN IB 1, 2, 3 *
2 SATURN V 516 1, 3 *
3 SATURN V 2 stage 1, 2, 3 %
& TITAN 3C 1
5 TITAN 3M 1

Mission Legend:
1 %ow Earth Orbit
2 Polar Orbit

3 High Energy
4 Synchronous Orbit

c-8
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Appendix D
SAMPLE RUNS

This appendix contains sample rums from the program. These runs are to

demonstrate the various output formats which are available.




-a

WIS N
VERICLT
LAUNCH AZINUTH (DEGREES)
ZRBITAL INCLINATIZN (CEGREES)
ALTITUDE (N=NT)
100.90
205.03
270.0)

£5C.0C

~ PAYLCAD CETERNMINATLION F2IR LAW FARTH CIRCULAR DRBIT

- SA 212 PmR

3%.0C
5€.G2

CLT EFF WEIGHT

£5781.18
S838¢.32
5198C .68

2421€.,32{(03)

(¥%) Estimate of extrapolation error - %

J2

7
3

o<
[

C.
3 » A
€€732.CG
cC842.20
50028.84

24861.52(C2)

{(PzU

90,00
2839

NC$)
€G5241.00
£1265.00 -
54281.20

24S74.26(02)

130.0
39.32

61457 .77
55785, 3¢
53146.77

24582.13{C2)

]
73
F S
™

765-6—96L~-4L



£-a

MESSEEN = STAG6 IMPAGY BATRY THALE FRR Liw CABTH CIRCULAR B4RIY

VERICLE ~ S8 217 PMR 42

ALTITUDE (N-MI)

199.00
LAUNCH AZ [MUTH (DEGREES) 45.3C , 73.09 90.00
BROITAL INCLINATIZN (DEGREES) 45,41 33,40 28.39
ENGINE CUT ZFF TIME STAGF IMPACT PUINT (DEGREES)
{SECEZADS) LENG LAt LENG LAT LZNG LAT
5C.00 -8C.61  28.31 -80.63 28,34 ~80.64  2B.36
10C.09 -75.48 25.21 =79.13 28.£2 -79.04 28.36
15G.00 -77.19  31.C6 ~76.22  29.56 -76.05 28,18
200.00 -75.22 32.¢2 -73.70 30.24 -73.45 28.08
25C.00 -73.6C  33.84 -7i.¢7  30.76 -71.39  27.97
300.00 ~71.9C  24.9¢ -69.63  31.15 -69.38 27.74
35C.00 ~65.67  3€.25 -67.3%  31.55 -66.88  27.37
400.00 ~6£.63 38,07 -63.56  32.10 ~63.54 26,90
450,00 ~62.22 4C.51 -58.66  32.80 -58.91  26.21

130.00

39.32
LENG LAT
-80.62 28440
~79.40 27,50
-77.25  25.69
~75.37  24.16
~73.90  22.93
~72.54  21.65
-70.S1  20.00
-68.71 17.83
-65.65 14.83

FYTIASINNH

=
%
=
=
g%

#66-6-96/.-41
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LAUNCH AZIMUTH (DEGREES)
ZRBITAL INCLINATIZN

AL%ITUDE‘

PERIGEE
100.00
100.00
210,00
220.00
270.00

27':)0 OO

{N-MI)

APYGEE

420 .00

500,90

420,00

500.00

400.00

500.00

(DEGREES)

VEHICLE - SA 212 PMR

45.00
49.47

64295.25
60854.25
»7TE03.CO
BTC6HL O
51624.52

$1296.90

J2

70.00
3344C

6£151.25
62710.25
56353.00
5£608.00
52212.42

52584.40

30.C0
28,39

CUT 2FF WEIGHT (PAUNDS)

EH660. 25

63219.25

59775. 00

5903G.00

53564.77

%2936, 75

MISSIZN - PAYLZAD DETERMINATION FIR LOW EARTH ELLIPTICAL ZRSIT

130.20
35,32

64876.95

.61435.95

58295.36
5755%.36
52330.36

51792.34

37TIASLNNH
AUHHIBOR

765-6-96/-4L



MISSIZN - PAYLRAD CETERMINATIUN

VEHICLE -~ 52 212 PMR

LAUNCH AZIMUTH (DEGREES)
ZREBITAL INCLINATIZN (DEGREES)

PARKING URBIT 3

ALTITUDE (N~-MI) (KM/SEC =22
133.00 -50.20
100.00 =40 .90
100,090 -=23.90

45406
45 .47

51251.53
39456.84

21635.33

J2

70.00
23.4C

52673.591
4(0551.88

22544,.10

70. £
28.39

CUT OFF WEIGHT {PBUNDS)

23063.99
43852.19

22711.05

FIR HIGH ENERGY MISSI ZNS

130,09
39.32

51697.33
39800.05

22126.13

e
o ed
<=
r o
2

¥66-6-96/-41
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(=2}

MISSION - EQUITEZRIAL SYNCHRENZUS UYREIT
VEHICLE - ENTERPRISE

LZNGITUDE BF ARRIVAL 219.00 DEGREES

DEPARTURE FREM THE ASCENDING N@DFE
LAUNCH AZIMUTH (DEGREES)
NUMBER @F PASSES THROUGH NBCFE

TIME FROM ORBIT INJECTION
TE FIRST DESCENDING N@DE (SEC)

TIME FR@M FIRST DESCENDING AADAL
PASSAGE T¢ CESIRED CEPARTURE NZCE (SEC)

LAUNCH AZIMUTH {DEGREES)

CUT 2FF WEIGHT T© 2RBIT {PJUNDS)

113.¢9

47C.2%8

7632.0C

113.69

36703.21

58.265

765.91

13220.CC

98.29

395C2.93

86.935

1077.17

18508.00

86.935

29390.91

This vehicle and the payload information are fictitious, chey are for

display purposes only.

73.55

1391.57

23796,00

73.55

9672755

=
@ =i
¢ =
- 2
" g

765-6-96/-41



STAGE

MISSIZN~-PAYLZAL
ALTITUDE  102.9
LAUNCH A7IMUTH

CETEAMINATIEN FOZR LZWw

2
4

N=MT)

5.CC (LEGREES)

VEHICLE SA 212 P¥R J?

NZMINAL
PARAMETER VALUF
THRUST 205000.09
Isp 263,40

STAGE wWT 106124.00

THRUST 130000.90
Ise 428047

STAGE &7 26460 .00

w#an EXCHANCE

RATIZ

PERTUREFATIZN

5.CC
5.CC

10CC.CC

2.CC
10.87

5CC.CC

PERCENT

SEC

Le

PERCENT

SEC

Le

EARTH I

CRATITAL INCLINATIZN

ANALYSIS

°A
EXCEA

Ll
]
W
e

N¢]
Bl

25075

‘(}o ]_L'

2CV.CD
231.60

—lo’p')

RCLL AR 2RBIT

5% %
YLIAD

NCE RATIZ

LE/PERCENT
LE/SEC

Lr/Ln

LE/PERCENT
LE/SEC

Ty:’Tf\.L
CUT 72FF WEIGKHT

65 4T

(CFGRELES)

PAYLEAD

PERTURBATI AN

153¢C.

1254,

=133,

4347,

LB

LB

z
€
z
-
vl
<
r.
C
m

JHANEH

oS

B

766~6-96.-4L
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PROGRAM LISTING
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£J08 NORT=KILPA=BIN 215 +491240+00511+14CE
SEXECUTE -1BJOB

$IRJOB MAP

$IBFTC MAIN :

C REXXUREEE APT PROGRAM H#FHEHXRHH

e ’ .

COMMON /ALACOM/ ALA(S500) «ALO(500)

COMMON /BOSCOM/ TBOST(10)sDTBOS(10)¢NTBOS(10)

COMMON /C3COM/ SLOPC{15)sXC3(15)+NXC3(2)sNORC3(2)
1:SLOPALIS) ¢ NSOPAL ¢ NOCRPAL s C3COFF _

- COMNON /CSTCOM/ UsGIREsCNMKsPIESRADSC(50) s NREDsNRITNRITZ2

COVMMON /ECCOM/ SLOPE(S5) ¢NXEeNOREsSOPEYLI5) e NXEYLsNOEYL
1sSOPEY2(5) ¢ NXEY2¢NOEY2

COMNMOMN FERRCOM/ ERR{400) sNERRPAERR

COMMON /FCNCOM/ F1i25)sF2(35)sF3(35)sF4{T70})¢F5(70)
1eFY1(25) ¢FY2({105)sFY3(105)sFY4(105)sFY5(105)
29FY11(25)4FY12(105)9FY13(105)sFY14(105)9FY15(105)

COMMON /ITMCOM/ NSTAGS(10) oNSTAG(3+510)sITEMS(3410}sITEM(393)
1+DELPR(34¢3)

COMMON /ZLINCOM/ LCsLMAXsNPAGE

COMMON /MISCOM/ AZ(10) sNAZSsALT(10) s NALTsALTA(LO) ¢ NALTASC3(10) sNC3
1sAINCU10) s NOVFHeNOVE(10)

COMMON/OPTCOM/NOPT1oNOPTZ2 e NOPT3 sNOPT4 s NOPTS5 s NOPTE s NOPT Y

COMMON /PLCOM/ PL{10D) s XX (4]

COIFMON /RATCOM/ FTA{LS) s XETA(LIB) sNPTA(3) eNRTA(3)
1eFTC(15) ¢ XETC(L5) o NPTC(3) ¢ NRTC(3)
Z2sFISPA(15) «XEISA(L1S) s NPISA{3)sNRISA(3)
3oFISPC{15) e XFISCILIS)aNPISCI3) «NRISC(3)
G9FSWA(L15) ¢ XESWA(15) ¢ NPSWA(3) sNRSWA(3)
S5eFSWC{15) o XESWC(15) e NPSWC{3) sNRSWC(3)

CONMCN /ROTCOM/ T9C(3+3)sTG01(393)3sTAZ(363)sABC(343)

COMMON/SYNCOM/NSYNC s JOLO(2) sNOLO(10) sALOND(10) s TIME2(10)«TIME3(10)
e DVSYASDVSYNIXSAZ(L10) sNXSYsNRSY s XLSAZ(12) ¢NXLSY(2)eNLRSY(2)

CONIMON /VEHCOM/ NSTGSsVEMOM(3:3) sAMEL s AMEZ  AME3 s AMES

COMMON JWHSCONM/ MSTGO(3)sMITH(353)

COMMON /WGTCOY/ GPFCHANETP

COMMON /XPCOM/ X (10)sNX{2) sNORX(2) s XLLP{16) sNXLLP(3) ¢sNORLLP(3)
TeXLLC3({15) oNXLLC3(3)sNORLC3(3)

COMMON /XYWCOM/ XYP1(8)eNXYP1(2) ¢NORYPL(2)

ToXYPZ(R) oNXYP2(2) sNORYP2( 2}
2eXYLLPLI({15) ¢ NXYLPLI(3)}sNRYLPL(3)
3eXYLLP2{15)sMXYLP2(3)sNRYLP2(3)

COMMON /YAWCOV/ TYAW(S5s10) sNTYAW(10)

CALL INFD
1 CONTINUE
CALL INPTL (1)
2 CONTINUE s
GO TO (3659 eNCPT1
c FaEErArA*r PAYLOAD DETERMINED #3#4%3% # %% 4%
3 CONTINUE .
IF(NOPT36FQs5) GO TO 10
GO TO (495)eNOPT2
4 CONTINUE
C Tk xR ®d NO YAW STEERING 3k #asii

E-2
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11

CALL PLNY
0 TO 10

“mwﬂ;jwﬁiﬁffﬁ“

Foa AR X HE KA TN STEERING 5% % 2%
CALL PLYAW '

GO TO 11

CONT INUE

#ruxxrxesr [VPACT POINT TRACE DETERMINED ts#ssxs
GO TO (7s8)sNOPT2

CONT INUE '

FHEXEUNXHAE NO YAW STEERING #3%¥#H3H*HH®
CALL LLNYW :

GO TO 11

CONT INUE

et R R YAW STEERING KR
CALL LLYAW

GO Tn 11

CONT INUE

Fe U KK EXCHANGE RATIO eI F U H R
CALL EXRAT

6O TO 11

CONT INUE

HF RN SYNCHRONOUS ORBIT F KWW AR NH
CALL SYNCH

CONTINUE

CALL INPT1 (2)

GO TO 2

END

$fRFTC sURlo

BLOCK DATA

COMMON /CSTCOM/ UsGoREsCNMKsPIEesRADC{50) s NREDINRITONRIT2

COMMON /ROTCOV/ TO0(393)sT301(363)sTAZ(353)sABC(353)

DATA UsGoRESCNMKsPIEIRAD/398603¢299e8E=039637R016551685293614159

15762957795/

DATA T390 /el443107969864619=07790164E=015

1= B6EB05959 61639947 904685907964750221905662706E=0650¢8799736/

DATA TOOI1 /el4431CT79=~c8680595944750221

139964619016399479o5662706E“069“@7790164E“01904685907998799736/

DATA NRIT2 /10/
DATA NRED/S5/eNRIT/6/
END

FIRFTC SUBl1

SURROQUTINF INPT1 (NNIID)
COMMON/OPTCOM/NCPT1eNOPT2sNOPT3eNOPTL sNOPTS s NOPTEsNOPT T

COMMON /CSTCOM/ UsGeRE sCNMKoPIFsRADeC(50) s NREDeNRITsNRIT2

COMMON /NISCOM/ AZ(10) sNAZsALT(10) sNALTSsALTA(10)sNALTAC3(10) sNC3
1sAINCI10) s NOVEH e NOVE(10)

COMMCN /YAWCOY/ TYAW(S5s10) sNTYAW(10)

COMMON /ROSCQOV/ TBOST(10)sDTBOS(L10)eNTBOS(10)

COMMON/LINCOM/ LCsLMAX sNPAGE
COMNMON/SYNCOM/NSYNC o JOLO(2) o NOLO(L10) s ALOND(L10) ¢ TIME2(10) o TIME3(1C)

E-3
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1s DVSYAsDVSYNSXSAZ(10) sNXSYsNRSY s XLSAZ(L12) eMXLSY(2) sNLRSY(2)

CONNMON ZITHCOM/ RNSTAGS(10) sNSTAGI3s10) o ITEMS(310) o 1TEN(353)
1sDELPR(3472)

NAVE LIST /ZONE/Z NOPT1snOPT2sMOPT3eNOPT4s NGRTH s CPTE ¢iCRT 79 40P TH
T o NOVFHoNOVT o AL TsNALT o AZ s WAZsNFLAGs IFFsALTASNALTAC3 N3
29 TROST «DTROSsHTRUS s TYAWsNTYAWS AT NC e ALOND 6 115Y1C
FeMNSTAGS e NSTAGS [ TEMS s ITEMs DELPR )

MOPT4 = 1 CUT OFF  WwT

NOPT4 ?  GROSS WT

NOPTG 3 ONFT 9T

NC3S NUMBER OF C3 CURVES

SOVEH MUMRER OF VEHICLES

MOVE(T)PARTICULAR VEHICLE

IFF=0 INPUT AZ 1FF=1 INPUT IMC

NFLAG=1 NORTH '

NFLAG=2 SOUTH

IF (MNIleGTel) GO TO 1

LMAX=54

NOPT4=1

NCPT5=1

NOPTA=1

NOPT7=1

NCPTR=1

IFF=0

NFLAG=1

1 CONTINUE

RAN=57,2957795

LC=0

NPAGE=0

READ (RRFDsONF)

IF(NDPTR oGTel) GO TO 3

IF (NOPT2eGTe2) NOPT3=NOPT241

IF (NOPT2e5Te2) NOPT2=1

IF{MOPT1eFUoloARDeNOPT36FQe2) NOPTH=1

IF(NOPT1eFQole ANDeNOPT3eEQa3) NCPTS5=1

IF(NOPT36F0.5) GO TO 2

CALL IMCAZ (MFLAGSIFE)

HRITF (MRITONE)

RETURN

2 CONTINUE

ALT(1)=100.

NALT=1

DTS =]

15 (NSYNHCeFNe2eUReNSYNCeEQes) CALL INCAZ (1e0)

WRITE(NRIT sONF )

W

RETURN

3 CONTINUE
CALL CURVE
GO T0 1
END
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SIRFT

IRFT

100
200

C SuUBl12
SUBROUTINE RANK{IG)
GO TO (152354555635 Ts8151G
CONTINUE
CALL VFH1
RETURN
CONTINUE
CALL VEHZ
RETURN
CONTINUE
CALL VEH3
RETURN
CONT INUE
CALL VFH4
RETURN
CONT INUE
CALL VEHS
RETURN
CONTINUE
RETURN
CONT INUE
RETURN
CONT INUE
RETURN
END

C SUR13

SUBROQUTINE PLNYW
COMMON/OPTCOM/NOPTLsNOPT2sNOPT3sNOPT4 e NORTEsNOPTHNOPT7
COMMON /CSTCOM/ UsGeREsCNMKsPIEsRADsC(50) s NREDONRITeNRIT2.
COMMON /FCNCOM/ F1(25) sF2(35)sF3(35)sF4(T70)sF5(70)
1sFYL(25)4FY2(105)sFY3(105) sFY&(1C5)sFY5(105)
29FY11(25)6FY12(105)sFY13(105)sFY14(105)sFY15(105)

COMMON /XPCOM/ X{10)eNX(2) sNORX{2) s XLLP (16} oNXLLP(3) oNORLLP(3)
ToXLLC3(15) s NXLLC3({3)sNORLC3(3)

COMMON JERRCOM/ ERR{&5100) sNERRSPAERR

COMMON /MISCOM/ AZ(10) sNAZsALT(1C0) o NALToALTA(CLO) e NALTAsC3(10) oNC3
1oAIRCEL10) s NOVEH s NOVE(10)

COMMON /C3C0OM/ SLOPC{15) o XC3(15) sNXC3(2) e NORC3(2).
1»SLOPAL{5) s NSOPAL «NORPAL 3 C3COFF '

COMNOMN /ECCOM/ SLOPE(5) sNXEsNORESSOPEY1(5) s NXEY1sNOEYL
1+SOPEY2(5) ¢« NXEYZ29NOEY2

COMYON /VEHCOV/ NSTGSsVENOM(3s3) sAMEL s AME2sAME3sAMES
COMMON /PLCOM/ PLI10) ¢ XX (4)

COMMON/WGTCOM/ GPFCsANETP

FORMAT(7F156R8)

FORMAT(/9(1XE1lZ2e51))

IF (NOPT1eNEe3) REWIND NRITZ

DO 5C I=1sNOVEH

NERR=0

IF (NOPT1eEQe3). GO TO 5

CALL BANK({NOVE(I1))

WRITE(NRTIT2) AMELlsAMEZ +AME3sANMES4

WRITE(NRIT2) GPFCHANETP
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5 COMNTINUE
DO 40 J=1sNAZ
XX(1)=AZ(J)
GO TO (10510510520530) sNOPT3
. 10 CONTINUE
C CIRCULAR
DO 12 K=1sNALT
XX(21=ALT(K)
CALL INTLA (042sF1aXsNXsNORXsCsXXsPL(K))
CALL ERROR(2sF1sX9sNXsNORXsXXsERR{1oK)s192)
IF (NOPT3¢EQel) GO TG 12
RP=ALT (K }*CNMKARE
C ELLIPSE
DO 11 L=1¢NALTA
RA=ALTA (L) *CNMK+RE
NSUB=NX(1)+1
CALL INTLA (0s1sSLOPEsX(NSUB)sNX (2) sNORX(2)sCsALT(K} sAM)
PLILY=PL (K ) +AM® (ALTA(L ) =ALT (K} )
IF (NOPT34EQe2) GO TO 11
C ELLIPSE AND CIRCULARIZE
DV=SQRT(U/RA} % (1e=SQRT (2 *RP/(RA+RP) ) )
EX=EXP {=DV/ (VENOM{2sNSTGS) #G) )
PLILY=PLIL)*EX
11 CONTINUE
IF (NOPT1:EQe3) GO TO 12

.
WRITE (NRIT $200) (ALTA(L)sL=1sNALTA)
WRITE (NRIT 5200) (PL(L)sL=1sNALTA)
C
: WRITE(NRIT2) (PL(L) o (ERR(LLoK) sLL=204)sL=1sNALTA)
12 CONTINUE
"~ IF ((NOPT10EQe3)00Re(NOPT3sNEs1)) GO TO 40
C
WRITE (NRIT $200) (ALT(K)sK=1sNALT)
WRITE (NRIT $200) (PL(K)sK=1sNALT)
C
WRITE(NRIT2) (PL(K)s{(ERR(LLsK) sLL=204)sK=1sNALT)
GO TO 40
20 CONTINUE
¢ C3
DO 25 K=1sNC3
JC3=1 -
1C3=1
XX (212100,

IF (C3{K}elLEeC3COFF) GO TO 21
CALL INTLA(Oel¢SLOPALsXsNSORPAL sNORPAL ¢CoC3(K) sAM)
XX(2¥=AM#{C3(K)=C3COFF)
JC3=NXC3{1)+1
1C3=2
21 CONTINUE
CALL INTLA (0s2sF1sXsNXsNORXsCeXXoPL(K))
CALL ERROR(2¢F1sXsNXsNORXsXXsERR(L191)2102)
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CALl "INTLA (0s1eSLOPCHJC3) o XC3(JC3 ) o NXC3(IC3) e NORCA(IC3 ) 5C
1:e0C3{r 3 s AM)

T g Ploinia PLK ) #AM

o P OPT1eEQe3) GO TO 25

WRITE (NRIT »200) XX{2)sPL(K)

WRITE(NRIT2) XX(2)sPLIK)s (ERR(LLs1)sbLl=104)
25 CONTINUE
- GO TC 40
<30 CONTINUE
PLI1Y=0s
.40 CONTINUE
1F(NOPT1 ¢EQe3) RETURN
WRITE (NRIT2) NERR
50 CONTINUE
DO 70 ITY=14NOPT6
CALL PRPLNY
. 70 CONTINUE
e T RETURN"
i END

-
£

- $IBFTC SUR14
o SUBROUTINF PLYAW
COMMON/OPTCOM/NOPT1 sNOPT2 s NOPT3eNOPT4 sNOPT5 s NOPT6 s NOPT 7
COMMON /CSTCOM/ UsGsREsCNMKsPIESsRADsC(50) sNREDsNRITeNRIT2
: STEe e MON /FCNCOM/ FL(25) sF2(35)sF3(35)sF4(70)sF5(70)
S LsFY1(25) sFY2(105) sFY3(105) sFY4(105)sFY5(105)
2sFY11(25)9FY12(105)sFY13(105)sFYL4(105)sFY15(105)
COMMON /MISCOM/ AZ(10) sNAZ sALT(10) sNALTSALTA(10) oNALTASC3(10) sNC3
15AINC(10) ¢ NOVEHMsNOVE(10)
COMMON: /XYWCOM/ XYP1(8)sNXYP1(2)sNORYP1(2)
e 1sXYP2(8) sNXYP2(2) ¢ NORYP2(2) ‘ :
ST 2eXYLLP1(15) sNXYLP1(3) s NRYLP1(3)
& FeXYLLP2(15) oNXYLP2(3) s NRYLP2 (3}
COMMON /C3COM/ SLOPC(15)sXC3(15)sNXC3(2) sNORC3(2)
e 1sSLOPAL(5) sNSCPAL s NORPAL s C3COFF :
W COMMON /ECCOM/ SLOPE(5)sNXEsNOREsSOPEY1(5) ¢NXEYLsNOEY1
1sSOPEY2(5) sNXEY2sNOEY2
COMMON /YAWCOM/ TYAW(5:10) sNTYAW(10)
COMMON /ERRCOM/ ERR(%43s100) sNERRsPAERR
COMMON /VEHCOM/ NSTGSsVENOM{3¢3) s AMEL s AME2 s AME 3 s AME &4
. COMMON /PLCOM/ PL{10)sXX(4)
E COMMON/WGTCOM/ GPFCeANETP
ks © 100 FORMAT(7E15.8)
200 FORMAT(/9(1XE1265))

o REWIND NRIT2

L. LAZ=1

- IF (AZ(116GTe45e) LAZ=2
" DO 50 1=1¢NOVEH

;”. - NERR=0O

CALL BANK({NOVE(I1))
Q WRITE(NRITZ2) AMEL sAME2 sAME3 9 AMEG
£ WRITE(NRIT2) GPFCsANETP

E~-7
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NYAW=NTYAW( )

DO 40 J=1sNYAW

XX{2¥=TYAW(Js 1)

GO TO (10610910620¢30) sNOPT3

CONT INUE

CIRCULAR ORBITS

DO 16 X=1aNALT

XX{1)=ALT(K)

IF (LAZeEQe2) GO TO 11

CALL INTLA (0.2 ¢FY1¢XYP19NXYP1¢NORYP19C9XX@P!(K))
CALL ERROR(2sFY1sXYP1sNXYP12NORYPLsXXsERR{L19K}92:2)
GO TO 12

CONT INUE

CALL INTLA (0s2sFY11eXYP2sNXYP2sNCRYPZsC XY oPLIK))
CONT INUE

IF (NOPT3.EQel) GO TO 16

*xsdxnnr ELLIPTICAL ORBIT st ngid¥

RP=ALT (K ) #CANMK+RE

DO 15 L=1«NALTA

IF (LAZeEQe2) GO TC 13

NSURB=NXYPLI(1})}+1

CALL INTLA (0s1sSOPEY1eXYPLI(NSUB)sNXEYL1sNOEYL1eCoALTA(K) ¢AM)
GO TO 14

CONT INUE
NSUR=NXYP2(1)+1
CALL INTLA (O91950PtY£9XYP2(NSU e NXEY2sNOEY2 s CsALTA(K) ¢ AM)

CONT INUE

PLIL) =PLIK)+AM¥ {ALTA(L)=ALT(K)})

IF (NOPT3eN=Ze3) GO TO 15

U R HR ELLIPTICAL ORBIT AND CIRCULARTZE st ekads
RA=ALTA(L)*CNMK+RE

DV=SQRT{U/RAY#{1+=5SQR T(2e%RP/(RA+RP)))
EX=EXP(=DV/(VENOM{ 2 NSTGS )Y #G) )

PL{L)Y=PL(L)*EX

CONT INUE

WRITE (NRITs200) (ALTA(L) «sL=1sNALTA)
WRITE (NRITs200) (PL({L)oL=1sNALTA)

WRITE(NRIT2) (PLIL)S{ERR(LLoK)sLL=1s4)sL=1sNALTA)

CONT I'NUE
IF (NOPT34GTel) GO TO 40

WRITE (NRITs200) (ALT(K)sK=1s¢NALT)
WRITE (NRITe200) ( PLIK)eK=1eNALT)

WRITE(NRIT2) (PLIK)Ys(ERR(LLOK)sLL=194)9sK=1sNALT)
GO TO 40 ‘

CONT INUE

HEHprRAEEE C3 ORBIT #dstasikiais

CONT INUE

CONTINUE

WRITE (NRITZ2) NERR
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50 CONTINUE
DO 70 ITY=1.NOPT6
CALL PRPLY
70 CONTINUE
RETURN
END

SIRFTC SURLS

SUBROUTINE SYNCH
COMMON /7CSTCOM/ UsGoRESCNMKsPIESRADSC(50) sNREDSNRIToNRIT2'
COMNON /FCNCOM/ Fl{25)¢F2(35)9F3(25)sFa(70Q)sF5{70)
1eFY1(25) ¢FY2(105)5sFY3(105) sFY4(105),FY5(105)
2eFY11(25)sFY12(105)sFY13(105)eFYL4(1C5)sFY15(105)
CCMMON /MISCOM/ AZ(10) oNAZsALT(1C) sNALTsALTALLC) o MALTASC3(10) oNC3
1sAINC(10) s NOVEHSNOVE(10) ' '
COMMON /PLCOM/ PL{10)sXX{4)
COMMON/SYNCOM/NSYNCs JOLO(2) oNOLO(10) s ALCND(L10) s TIME2(10) 6 TIME3(10)
1o DVSYAsDVSYNeXSAZ(10) sNXSYsNRSY s XLSAZ (12} oNXLSY(2) sNLRSY(2)
COMMON /VEHCO"/ NSTGSsVENOM(363) s AMEL s AMEZ s AME3 s AME4
COMMON /WGTCOM/ GPFCsANETP
COMMON /FRRCOM/ ERR({45100) sNERR$PAERR
DATA CFT5/¢37/¢CFSA/¢39/

100 FORMAT({10(1IXI3))

200 FORMAT(9{1XE1l2e51)]

C
C CFTS THEORETICAL MASS FRACT FR 100 PO TO SYNCH L=AZ 90
C CFSA THEDRETICAL MASS FRACT FR 100 PO TO SYNCH ALT L=AZ 90
C DVSYN MASS FRACTION FROM 100 N=MI PO TO SYNCH ORBIT L=AZ 90
C DVSYA MASS FRACTION FROM 100 N=MI PO TO SYNCH ORBIT ALT L=AZ 90
p _

REWIND NRIT2

CI1=,99905

1F (NSYNC¢GTs2) Cll=1le

IF (NSYNCeLTe3) CF=(CFTS=DVSYN)/DVSYN

IF (NSYNCeGTe2) CF=({CFSA=DVSYA)/DVSYA-

CF=loe=CF

DO 40 I=1¢NOVEH

NERR=0

CALL BANK{NOVE(I1}))

EXPX=G¥VENOM({2sNSTGS)

WRITE (NRIT?) AME1sAME2sAME39AME4L

WRITE(NRIT2) GPFCsANETP

GO TO (1042051062C) sNSYNC

10 CONTINUE

¢
C LONGITUDE OF HOVER POINT SPECIFIED
C

CALL AZDFT (1)

CALL INCAZ (10}
C

WRITE {NRIT2) JOLOsNOLOeNAZ(AZ(IJK) s1UK=19NAZ)
IF (NSYNCeFQs3) WRITE (NRITZ2) (AIMCIIJK)YsIJK=1oNAL)

E-9
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70

30

CUWRITE 5

WRITE (NR]

T5100) JOLOsNOLOsNAZ
WRITE (HR%E

360 ALOND (1)
} “00) (AINCIIK) s1K=1$NAZ)
WRITE INRITs200) ( AZ(IK)sIK=1sNAZ)

%

CONTINUE
DO 30 J=1eNAZ

FY4 PL TO 100 N=MI PO FOR SYNCH ORBITS

CALL INTLA (0CslsFY4sXSAZsNXSYsNRSYeCsAZ(J)sPLIW))
CALL ERROR(1¢FY4sXSAZoNXSY sNRSYsAZ{J)sERR(1sJ)elel)
CI2=COSE(AINC(J)=265)/5T7629E7795)

IF (NSYNCLETe2) CI2=1.

PLUJY=2PL {3 %CF#*EXP (= (SQRT(1658834=159,788%CI1)+
1SQRT(126002=0,814*C]2}))/EXPX)

CONT INUE

WRITE(NRIT2) (PLIIK) o (ERR(LLsIK)sLL=194)5IK=1sNAZ)
WRITE (NRIT$200) (PL(IK)sIK=1sNAZ)

WRITE (NRIT2) NERR
“CONT INUE

DO 70 ITY=1sNOPT6
CALL SYNCOT
I TR

RETURN

END

$iaFTC SURLS

INA

e Walra

SUBROUTINE EXRAT . ,
COMMON /0PTCOM/ NOPT1sNOPT2sNOPT3sNOPT4sNOPTSsNORPTH9NOPTY
COMMON /CSTCOM/ UsGoREsCNMKsPIESRADSC(50) sNREDsNRIToNRIT2

COMMON/MISCOM/ AZ(10) o NAZsALT(L10) s NALTSALTA(LI0) ¢NALTASC3(10) 9hC3

- 1¢AINC{10 s NOVEHsNOVE(10)

COMMON /PLCOM/ PL{10) ¢ XX {4}

COMMON /VEHCOM/ NSTGSeVENOM{3s3) sAMEL s AMEZ s AME 35 AMES
COMMON /RATCOM/ FTA(15) e XETA(L15) sNPTA(2) sNRTA(3)
1sFTC{18) o XETCLLS) e NPTC{3) s NRTC(3)

2¢FISPAL15) ¢ XEISA(15) s NPISA(3) sNRISA(3)
35FISPCI15) o+ XEISC(15)sNPISCI3)eNRISC(3)
GoaFSWA(LIS Fo XESWALLS5) e NPSWAL3) ¢ NRSWA(2Z)
S5¢FSWCI15 T ¢ XESWC(L15) s NPSWC(3) s NRSWC(2)

COMMON /ITMCOM/ NSTAGS(10) sNSTAG(3510) ¢ITEMS(3410)sITEM(353)

" 1«DELPR({343)

COMMON/WGTCOM/ GPFCsANETP
COMMON /ERRCOM/ ERR({4s100) s NERR¢PAERR

NSTGS . NO STAGES

S TRGS (VER ) NO OF STAGES FOR PARAM VERATION
NOTAG (STAGESVEH) - PARTICULAR STAGFE

CITEMS{STAGE ¢ VEH) NO OF ITEMS TO CHANGE

ITEM (ITEMSTAGE) PARTICULAR ITEM

E-10
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ITEM 1 THRUST

ITEM 2 18P

ITEM 3 STAGE WT

VENOM (ITEMeSTAGE) NOMINAL VALUES OF ITEMS

FIA (ALT) VALUES OF EXRATS FOR ITEM I

XETA (ALT) ALTITUDES

NPIA {STAGE} NO OF POINTS

NRTIA (STAGE) ORDER OF INTERPOIATION
CFICeXEICeNPICsNRIC DEFINED AS ABOVE BUT FCNS OF (3

aRaVaNaNaANaNaNaRA NS

REWIND NRIT2

DO 60 I=1sNOVEH

CALL BANK{NOVE(I))

WRITE (NRIT2) NSTGS

WRITE (NRIT2) AMEls AMEZs AME3AME4
WRITE(NRIT2) GPFCoAMNETP

WRITE (NRIT2) ((VENOM(JIsKS)oeJI=193)sKS=1sNSTGS)
CALL PLNYW

WRITE (NRITs200) PLI(1)

JSTG=NSTAGS({1)

DPAYS=0,

DO 50 J=1sJSTG

KSTG=NSTAG(JeI)

KITMS=ITEMS(KSTGel)

DPAYI=0s

DO 40 K=1leKITMS

LITM=ITEM (KsKSTG)

GO TO (10610¢10620010} +NOPT3
10 CONTINUE

C EX RAT FCN(ALT)
GO TO (11512613)sLITM
11 CONTINUE
C THRUST
CALL ANUMB (KSTGeNPTASNSUB)
CALL INTLA (0s1sFTA(NSUB) o XETA(NSUB) ¢ NPTA(KSTG) e NRTA(KSTG) ¢C
~1sALT(1)sANS)
GO TC 30
12 CONTINUE
C 15P
CALL ANUMB (KSTGsNPISAsNSUB)
CALL INTLA (0s1sFISPA(NSUB) ¢XEISA(NSUB) oNPISA(KSTG) s NRISAIKSTG)
1oCoALT (1) ANS)
. GO TO 3¢
13 CONTINUE
C STAGE wT _
CALL ANUMB {KSTGeNPSWASNSUB)
CALL INTLA (0slsFSWA(NSUB) e XESWAINSUB) s NPSWA(KSTG) s NRSWA(KSTG)
1sCoALT(1) s ANS) .
GO TO 30
20 CONTINUE
C EX RAT FCN({C3)
GO TO (21622023)sLLITM

E-11
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21 CONTINUE
C THRUST .
CALL ANUMP (KSTGsNPTCsNSUR)
CALL INTLA {(0slsFTCUNSUB) sXETCINSUB) o NPTC(IKSTG) oNRTCIKSTG) sC
1sC3(1):ANS)
GO TO 30
22 CONTINUE
C 1sP
CALL ANUMR (KSTGsNPISCeNSUB)
CALL INTLA (0slsFISPCINSUB) ¢XEISCINSUB) s NPISCIKSTG) ¢NRISCIKSTG)
1sCeC3{1) sANS)
GO TO 30
23 CONTINUE
C STAGF WT
CALL ANUMEB {(KSTGsNPSWCeNSUB)
CALL INTLA (0slsFSWCINSUR) s XESWCINSUB) ¢ NPSWCIKSTG) s NRSWCIKSTG)
15CeC3{1)ANS)
30 CONMTINUE
PAY=DELPR{LITMe¢KSTG) #¥ANS

200 FORMAT(7(1XE1265))
WRITE (NRITs200) ANSsPAY
WRITE (NRIT2) ANSsPAY

DPAYI=NPAYI+PAY
40 CONTINUE

DPAYS=DPAYS+DPAY]
50 CONTINUE

PT=PL{1)+DPAYS
WRITE (NRIT2) DPAYSsPTe(ERR(IIsl)sll=1s4)eNERR

60 CONTINUE
"CALL EXOUT
RETURN
END

$IBFTC SUB17
SURROQUTINE LLNYW
DIMENSION XRAY(3)
COMMON/OPTCOM/NOPT1sNOPT2sNOPT3oNOPT4 sNOPTSsNOPTEsNORPT 7
COMMON /CSTCOM/ UsGoREsCNMKsPIESRADsC(50) s NREDSNRITeNRIT2
COMMON /FCNCOM/ F1(25)sF2(35)sF3(35)sF4(70)sF5(70)
1sFY1(25) sFY2(105)sFY3(105)¢FY4(105)sFY5(105)
2oFY11(25)sFY12(105)sFY13(105)eFYL4{105)sFY15(105)
COMMON /MISCOM/ AZ(10)sNAZsALT(10) sNALTALTA(L10) sNALTASC2(1C) oNC3
19AINC(10) s NOVEHsNOVE(10)
COMMON /XPCOM/ X(10)sNX{2) sNORX(2) e XLLP{16) eNXLLP{3) eNORLLP(3)
1oXLLC3(15) sNXLLC3(3) sNORLC3(3)
COMMON /C3COM/ SLOPC(15)eXC3{15)sNXC3(2)sNORC3(2)
1oSLOPAL(5) s NSOPAL s NCRPAL s C3COFF
COMMON /ECCOM/ SLOPE({5) ¢ NXEsNOREsSOPEY1(5) ¢NXEY1sNCEYL
19SCPEY2(5) ¢« NXEY2sNOEY?2
COMMON /BOSCOM/ TBOST(10) sDTBOS(10}sNTROS(10)
COMMON /VEHCOM/ NSTGSsVENOM(3s3) s AMEL s AME2 ¢ AME3 s AME &
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COMMON /ROTCOM/ T90(363)sT90I(393)1sTAZ(33)eABC(363)
COMMON /PLCOM/ PLI10)YsXX(4)

COMMON /ALACOM/ ALA(S500)«ALO(500)
COMMON/SYNCOM/NSYNCs JOLO(Z2) o NOLO{10) s ALOND(1I0)Y o TIMEZ(10) s TIME3(1C)
e DVSYAsDVSYNGXSAZ({10) sNXSYeNRSYsXLSAZ(12) e NXLSY(2) sNLRSY(2)

100 FORMAT(7EL15:8) '
200 FORMAT{/S{1XF1265})

REWIND NRIT?2

NDUM=NALT

IFINOPT3:FQe& )NDUM=NC3

DO 40 T=1¢NOVEH

CALL BANK{NOVE(I)) -

WRITE(NRITZ2) AMEl oAMEZ s AME3 s AME4L

NBOS=NTROS ({1}

DT=DTBOS(I} _

DO 30 J=1sNAZ

CALL MATAZ (AZ(d))

DO 20 K=1eNDUM
SXX{1=TBOST(I)1=DT

XX{(21=AaLT{K)

IF(NOPT36FQe& ) XX(2)=C3(K)

IF(NOPT3eEQeb) XX(2)=AZ({J)

DO 10 L=lesNBQS ‘

XXE1)=xXX{1)+DT

GO TO (1s1e1s29¢3) oNOPT3

1 . CONTINUE
CIRCULAR ORBIT
ELLIPTICAL ORBIT .

CALL INTLA (162eF2eXLLPsNXLLPeNORLLPsCoXXsALAT)
CALL INTLA (192 ¢F3sXLLPsNXLLPsNORLLP¢CsXXsALON)
GO TO 5

2 CONTINUE
C3 ORBIT
CALL INTLA (162¢F&4sXLLC3oNXLLC3eNORLC3sCeXXsALAT)

S CALL INTLA (1¢2eF5eXLLC3oNXLLC3sNORLC3sCeXX2ALON)
GO TO 5

3 CONTINUE
SYNCHRONCUS ORBIT
CALL INTLA(1eleFY1l4oeXL.SAZsNXLSYsNLRSYsCoXXeALAT)
CALL INTLA{1s1sFY15eXLSAZsNXLSYsNLRSYsCoeXXsALON)

5 CONTINUE .
XRAY({11=COS{ALON/RADI*COS(ALAT/RAD)
XRAY(2)=SIN(ALON/RAD)Y*¥COS(ALAT/RAD)
XRAY(3)=SIN{ALAT/RAD)

CALL MAT (TAZsXRAYsXRAYs25391)
ALOCL Y =RAD®ATANZ (XRAY (2} e XRAY (1))
ALA{LY=RAD*ATANZ (XRAY(3) s SQRTIXRAY {1} #5824 XRAY(2)%%x21})

10 CONTINUE

WRITE (NRIT+200) (ALA(L)sL=1oNBOS)
WRITE (NRIT»200) (ALO(L)eL=1sNBOS)

WRITE (NRIT2) (ALA(L)eL=1sNBOS)
WRITE (NRIT2) (ALO(L)+#L=1sNBOS)
20 CONTINUE
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30 CONTINUE
40 CONTINUE
DO 70 ITY=1eNCPTE
CALL PRLLY
70 CONTINUE
RETURN
END

$IRFTC SUBLSB

SUBROUTINE LLYAW

COMMON/OPTCOM/NOPTL ¢NCPT2 s NOPT3oNOPT4L4 e NOPTSsNOPTE«NOPT?

COMMON /CSTCOM/ UWoGsREsCNMKsPIEsRADsC{50) o KRREDSNRITeNRIT2

COMMON /FCNCOM/ F1l(25)¢F2(3516F3(35)eFa{70})sF5(70])
1sFY1(25)eFY2{105)sFY3(105)sFYL(105)sFY5(105)
2eFY11(251FY12(105)FY13{105)sFY14(105)eFY15(105)

COMMON /MISCOM/ AZ(L1D) eNAZeALT{L10) e NALToALTACLIO) o NALTAC2(10) eNC3
1sAINC(10) ¢ NOVEHNOVE(10)

COMMON /XYWCOM/ XYP1(8)eNXYPL(2}sNORYP1I(2)
1eXYP2(R)«NXYP2{2) sNORYP2(2)
PeXYLLP1(15) o NXYLPLI(3)eNRYLPL(3)
FeXYLLP2{15)eMXYLPZ2{3) e NRYLP2(3)

COMMON /C3COM/ SLOPC(15) eXC3(15) ¢ NXC3(2) ¢NORC3(2])
1sSLOPALIS )Y ¢ NSOPAL s NORPAL s C3COFF

COMMON /YAWCOM/ TYAW(5:10) sNTYAW(10)

COMMON /B0OSCOM/ TBOST(10)sDTROS(1C} e NTBOS(10)

COMMON /VEHCOM/ NSTGSeVENOM(362) s AME] e AMEZ s AME30AME G

COMMON /PLCOM/ PL{10)sXX(4)

COMMON /ALACOM/ ALA(S00)sALO(B500)

100 FORMAT{7E15.,8)
200 FORMAT(/9(1XE12:5))

REWIND NRITZ

LAZ=1

IF (AZ{1)eGTe45e) LAZ=2

DO 50 I=1eNOVEH

CALL BANK(NOVE(I))

WRITE(NRIT2)Y AMEl:AMEZsAMERsAMESL
CNYAW=NTYAW( )

NBOS=NTBOS(1)

DT=DTBOS({1)

XX{1)=TBOST(1})=DT

DO 40 J=leNYAW

XX{3)= TYAW(Js1)

GO TO (10:10610920630) «NCPT3

10 CONTINUE
C C E EC

DO 14 k=1sNALT

XKX{1)=TROST(I}=DT

XX(2)= ALT(K)

DO 13 L=1eNBOS

XX{1y=xX{1)+DT

IF (LAZsEGe2) GO TO 11 :

CALL INTLA (163 eFY2oXYLLPLIeNXYLPLeNRYLPLoCeXXsALA(L))

CALL INTLA (1s3eFY3sXYLLPLsNXYLPIsNRYLPLIoCsXXsALO(L))

GO TO- 12
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11

12
13

14

20
30
40
50

70

CONTINUE i

CALL INTLA (1¢3eFY12sXYLLP2sNXYLP2sNRYLP2eCoXXeALAILY)
CALL INTLA (1s3eFY139XYLLP2oNXYLP2sNRYLP2sCeXXsALOIL))
CONTINUE

CONT INUE

WRITE (NRITe200) (ALA(L)sL=1¢NBOS)
WRITE (NRIT«200). (ALO(L)sL=1sNBOS)

WRITE (NRITZ2) (ALA(L)L=13sNBCS)
WRITE (NRIT2) (ALO(L)sL=19NBOS)
CONTINUE

GO TO 40

C3

CONTINUE

CONTINUE

CONT INUE

CONTINUE

DD 70 ITY=1eNOPT6

CALL PRLLY

CONTINUE

RETURN

EMD

$IBFTC 5UBL9

100
200
300
400
500
3000

SUBROUTINE PRPLNY
COMMON/QOPTCOM/NOPTL1sNCPT2sNOPT3sNOPT4L o NOPTS o NOPTEeNOPTT
COMMON /CSTCOM/ UsGeRESsCNMKsPIE2RADsC{50) s NREDsNRITsNRITZ
COMMON /MISCOM/ AZ(10) eNAZsALT(10) s NALToALTA(LI0) e NALTA9C3(10) sNC3
1eAINC(10) s NCVEHSNOVE(10)
COMMON /YAWCOM/ TYAW(5210) oNTYAW(10)
COMMON /ERRCOM/ ERR(4910910) ¢NERRSPAERR
COMMON /VEHCOM/ NSTGSeVENOM{Z203) s AMEL o AMEZ2 s AME3 s AME4
COMMON /LINCOM/ LCsLMAXsNPAGE
COMMON /ALACOM/ PL(50910)¢POA(500)
COMMON/WGTCOM/ GPFCoANETP
FORMAT(T7E15.8)
FORMAT(/14XFT7e2911Xe5(F1l0s2s4A1s1X))
FORMAT (/9XFTe294XFT02¢5Xs5(F10e234AlslX]))
FORMAT (/9XF76283XFTe2s6X5(FLl0c208A1lo1X))
FORMAT(/4XFT7e2310XFT6234X5(F10e294A1e1X))
FORMAT (//913Xe37H%® (XX) EXTRAPOLATION REYOND DATA BANK)
REWIND NRITZ2
B0 60 I=1sNCVEH
READ(NRIT2) AMElAME2 yAME3 s AME4
READ(NRIT2) GPFCsANETP )
IF(NOPT76ENeleOReI6EQel) CALL MISS
CALL CAPT
GO TO (1910910920930)¢NOPT3
CONTINUE ‘
CIRCULAR ORBIT
DO 2 K=1leNAZ }
READ(NRIT2) (PLI{KsL)s (ERR(LLsKsLIsLL=10o4) sl =1oNALT)
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2

10

331
11

12

13
14

15

16

CONTINUE
IF{NCOPTL4e6T.1) CALL REDUCR(PLeNAZeNALT)
CALL OTPNY(1:PCA)}
GO TO (3¢5)sNOPTH
CONT INUE
AZ ACROQOSS
DO 4 K=1eNALT
IFINSeGTe0) CALL OTPNY(]sPOA)
WRITE(NRITS200) ALT(K)s(PL(LsK}s(ERR(LL,L,K),LL=1,4), 1L=1,NAZ}
CONT INUE '
GO TO 50
AZ  NDOWN
CONT INUE
DO 6 K=1sNAZ
CALL COUNT(1le:1eNS)
IF{NSsGT 0} CALL OTPNY(IePCA) »
WRITE(NRITS30CIAZAK) ¢ AINCIK) s (PLIKsL) o (ERR({LL,K, L}, LL=1,4}, L=1, NALT)
CONTINUE
GO TO 50
CONTINUE
ELLIPTICAL ORBITS
DO 11 JU=1eNAZ
MU1=0
MUZ=NALTA
DO 331 K=1¢NALT
MUT=MU1+1

READINRIT?2) (PL{JsL)Y ¢ {ERR{LLsI, L) olL=1s4)sL=MULlsMU2)
MUl=MU?2 :
MUZ=MUZ2+NALTA

CONTINUE

CONTINUE

IF(MOPT4oGTel) CALL REDUCRI(PLeNAZsNALTA*NALT)

CALL OTPNY (IsPCA)

GO TO (12415)sNOPTS

CONT INUE
AZ ACROSS
L=0

DO 14 J=1eNALT

DO 13 K=1sNALTA

L=L+1

CALL COUNT(1s1eNS).

IF{NSeGTo0O) CALL OTPNY(IsPCA)

WRITE(NRIT s400)ALT(U) sALTA(K I s (PLIMsL) o(ERR(LL, M, L), LL=1,4), M=1, NAZ)}
CONT INUE

CORTINUE

GO TO 80

CONT INUE

AZ DOwN

L=0

DO 16 J=1eNAZ

CALL COUNT{1ls1lsNS)

IF{MNSeGTe0) CALL OTPNY(1IsPCA)

WRITE(NRIT ¢400)AZ(J} sAINC(JIs(PLIJoL)s(ERR(LL,J, L}, LL=1,4), L=1, 1}
CONT INUE

GO TO 50
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T 20 CONTINUE
€ C3  DOWN
- DO 21 J=1eRAZ
L=0
DO 333 K=1¢NC3
L=L+1
i READ(NRITZ) POA{LIsPL(JsL) o (ERR{LLsJsL)slL=104)
b 333 CONTINUE
21 CONTINUE
IF(NOPT&4GTs1l} CALL REDUCRI(PLNAZsNC3)}
CALL OTPNY (I+POA)
GO TO (22524)sNOPTS
22 CONTINUE i
AZ ACROSS
DO 23 J=1eNC3
CALL COUNT(1s1sNS)
IF(MNSeGTe0) CALL OTPNY(IsPCA} B
WRITE(NRITs50C) POA(J) sC3(J)e(PLIKsJ) s (ERR(LL,K,J), LL=1,4),K=1, NAZ)
23 CONTINUE
5 GO TO 50
. 24 CONTINUE
o C AZ DOWN
DO 25 J=1loNAZ
& WRITE (NRITs400) AZ(J)sAINCIJ) s (PLIJsK)s(ERR(LL,J,K}, LL=1, 4}, K=1, NC3}
yﬁ 25 CONTINUE : :
30 CONTINUE
L 50 CONTINUE
o READ (NRIT2J NERR
IF(NERR +GTe O) WRITE(NRIT$+3000)
60 CONTINUE
RETURN
END

. $IBFTC SUB20
SUBROUTINE PRPLY
COMMON /OPT COM/NOPT1 sNOPT2sNCPT3 sNOP T4 sNCPT5sNOPT6sNOPT?
COMMON /CSTCOM/ UsGsREsCNMKsPIEsRADSC(50) s NREDsNRITgNRIT2
COMMON /MISCOM/ AZ(10) sNAZsALT (10) sNALTsALTA(L10) sNALTASC3(10)eNC3
1sAINC(10) s NOVEHsNOVE (10) |
COMMON /YAWCOM/ TYAW(5510) sNTYAW(10)
COMMON /ERRCOM/ ERR{4s105,10) sNERRsPAERR
COMMON /VEHCOM/ NSTGSsVENOM(2s3) s AMELsAME2 s AME3 s AMEG
COMMON /LINCOM/ LCsLMAXsNPAGE
COMMON /ALACOM/ PL(50510) sPOA(500)
COMMON /WGTCOM/ GPFCsANETP

200 FORMAT(/14XF7s2s11X5(F1002354A1s1X))
300 FORMAT (/9XF762s16X5(F10e254A1s1X))
400 FORMAT (/9XF76293XFTe256X5(F1060294A191X))
3000 FORMAT(//513Xs37H#* (XX) EXTRAPOLATION BEYOHD DATA BANK)

REWIND NRIT2 '

[ DO 60 I=1sNCVEH

L READ(NRIT2) AMELsAME2sAME3 s AMES

READ(NRIT2) GPFCsANETP
IF(NOPT7¢EQeleORo1eEQel} CALL MISS
CALL CAPT :

r—
(@)
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7
; MYAW=NTYAW( D) .
GO TO (1510410220530)sNOPT3
e CONTINUE o
st Umotee o CIRCULAR ORBIT
L : 100 FORMATI(7E1508}

4 DO 2 J=lsNYAW
R AR READ(NRITZ) (PLIJosL) o (ERR(LLaJeLYsbll=lo&) sl o NALT)
12 2 CONTINUE
IF{NOPT4eGTol) CALL REDUCR(PLeNYAWeNALT)
CALL- OTPNY (] ¢POA)
GO TO (395} sNCPTS
3 CONTINUE
s C TIME YAW ACROSS
- DO 4 K=1eNALT
CALL COUNT(191eNS)
IF(NSeGTe0) CALL OTPNY(1sPOAY

fiond
>
i

&
|-

2 . WRITE(NRIT+200) ALT(K)s(PL(LsK)$(ERR(LL, L,K), LL=1, 4), L=1, NYAW)
| | 4 CONTINUE
- GO TO 50
o 5 CONTINUE
é@ . DO 6 K=19NYAW
‘ CALL COUNT(1s1sNS)
IF(NSeGTe0) CALL OTPNY(IsPOA)
R WRITE(NRITs300) TYAW(KsI)s(PL(Kok)s (ERR(LL,K, L), LL=1,4),L=1,NALT)
aE 6 CONTINUE
GO TO 50
L¥B 10 CONTINUE
i C ELLIPTICAL ORBITS
DO 11 J=1eNYAW
MUZ2=NALTA
MULl=0
DO 331 K=1sNALT
MUl=MUL+1
READINRIT2) (PL(JsL) s (ERR(LLsT, L) sblL=104)sL=MUlsMU2)
MU1=MU?

, MU2=MUZ+NALTA
331 CONTINUE
11 CONTINUE )
7 IF(NOPT4.GTel) CALL REDUCR(PLeNYAWoNALTA®NALT)
CALL OTPNY(IsPOA)
GO TO (12:15)9oNOPTS
12 CONTINUE
C TIME  ACROSS
L=0
DO 14 J=1a9NALT
DO 13 K=1sNALTA
L=L+1
CALL COUNT(1s1eNS)
IF(NSeGTe0) CALL OTPNY{IsPOA)
WRITE(MRIT#400) ALTIN) sALTA(K e (PLIMNsL) e
1(ERR(LL, N, L), LL=1, 4), N=1, NYAW)
13 CONTINUE
14 CONTINUE
GO TO 50
15 CONTINUE
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%% C TIME YAW DOWN
L=0

DO 16 J=1leNYAW
CALL COUNT(1s1eNS)
IFINSeGTa0) CALL OTPNY(I:PCA) ,
WRITE(NRIT400)TYAW(JsI) s (PL{JeL) o (ERR(LL,J, L), LL=1,4), L=1, NO)
16 CONTINUE
GO TO 50
20 CONTINUE
cC  C3
30 CONTINUE
50 CONTINUE
READ (NRIT2) NERR
IF(NERR ¢GTe 0) WRITE{MNRIT3000)
60 CONTINUE
RETURN
END

]

$IRFTC SUB21
SUBROUTINE PRLLY
COMMON/OPTCOM/NOPT1 o NOPT2 s NOPT3eNOPTL e NOCPTBoNOPT6NOPTT
COMMON /CSTCOM/ UsGeREsCNMKsPIEsRADsCI50) s NREDsNRITeNRIT?Z
COMMON /MISCOM/ AZ{10) oNAZsALT(L0) oNALTsALTA(LO) o NALTAC3(10)sNC3
1sAINC(I0) e NOVEHSNOVE(10)
COMMON/BOSCOM/ TBOST(10)DTBOS{10)sNTBOS(10)
COMMON /YAWCOM/ TYAW(5:10) e NTYAW(10)
COMMON /VEHCOM/ NSTGSsVENOM(33) s AMEL9AME2 s AME3Z sAMEL
COMMON /LINCOM/ LCsLMAXeNPAGE
COMMONZALACOM/ALA(20:565)Y e ALO(206%5¢5)

200 FORMAT(/s11XsFTe2¢lTXeb{F7a21X0FTeZ2e¢3X))

REWIND NRITZ

NDUM=NALT

IF{(NOPT3¢EQo& INDUM=NC3

NDUMZ2 =NAZ

DO 50 I=1sNOVEH

READ(NRITZ) AMELlsAME2 s AME3 s AMES

DY=DTBOSA(I)

NBOS=NTBOS{1}

IFINOPT20EQe2 INDUM2=aNTYAW( )

IFINOPT70EQe1e0RaleFQel) CALL MISS

CALL CAPT

DO 2 K=1seNDUMZ2

DO 7 K2=1¢NDUM

READ (NRIT2) (ALAIKKIK2sK) sKK=]1oNBOS)

READ (NRITZ2) (ALO(KKsKZeK)sKK=1sNBOS)

CONT INUE

CONT INUE

GO TO(3s5) sNOPTS

3 CONTINUE

C AZ OR TYAW ACROSS
DO 4 1J=1eNDUM
T=TBOST(I}=DT
CALL QUTPLLI(IJsI1}

~Nod
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DO 4 IK=1eNBOS

T=T+DT

CALL COUNT(1slsNS)
IF(NSeGT0) CALL OUTPLL(IJsI)
WRITE(NRIT:200) T (ALOCIKsIJoIL Y e ALA(IKoIJoILYoll=loNDUM2)
CONTINUE

GO TO 50

CONTINUE

ALT OR C3 ACROSS

DO 6 1u=1eNDUMZ
T=TBOST{1)=DT

CALL OQUTPLL(IJ.IY

DO 6 IK=1¢NRBROS

T=7+DT

CALL COUNT{1s1eNS)
IFINSeGTe0) CALL QUTPLL(IJ:I)
WRITE(NRIT+200)To(ALOLIKsILsIJ)eALALIK IL eI U} sll=1sNDUM)
CONT INUE

CONT INUE

RETURN

END

C suB22

SUBROUTINE OTPNY({IIIsPOA) -

DIMENSION NBLNK(5)sNAPLD(23) sNAPLE{(23) osNAPLF(23)
COMMON/CPTCOY/NOPTLsNOPTZ s NOPT3eNOPT4 s NOPTS5sMOPTEsNOPTT

COMMON Z7CSTCOY/ UsGeRESCNMKePIEsRAD«C{50) e NREDINRITeNRIT2

COMMON /7MISCOM/ AZI110) sNAZsALT{10) oNALTALTA{LI0) sNALTASC3(10)+NC3
1sAINC{ID e NOVEHsNOVE(1C)

COMMON ZYAWCOM/ TYAW(S5s10) «eNTYAW(L0)

COMMON FVEHCOM/ NSTGSsVENOM(343) sAME] s AMEZ s AME3sAMESG

COMMON ZLINCOM/ LCsLMAXeNPAGE

DIMENSION POA(10)

DATA IBLNK/IH /

DATA NBLINK /187413620926 /

DATA NAPLD /1HCs1MHUsIHTelH 21HOeIHF s 1HFslH olHWelHE s 1HI s 1HGs 1HH o 1H
ITelH ¢IH{ s lHPo1HO e IHUs IHN s 1HD 9 1HS s 1H ) /

DATA NAPLE /1HGs1HRes1HOs1HSs1HSs1H s1HPs1HA9IHY s 1HL 9 1HO s 1HAs I1HD s 1H
1 slH o1H{elHPs1IHO 9 1HUs IHNs1HD s 1HSs 1K)/ _ ’ :

DATA NAPLF /1HNs1HEs1lHT elH olHPelHAsIHYslHLs1lHCsIHAIHDoIH slH ¢lH
1{(elH s1HPs1HOs1HUs LHNs IHD s 1HS¢1H ¢1H) /

FORMAT(// ¢3Xs24HLAUNCH AZIMUTH (DEGREES) 38Xe5({FTe2s8X1))
FORVATI{3X s 29HORBITAL INCLINATION (DEGREES) e3X95(FT7e2+8X))
FORMAT({/+10Xs15HALTITUDE (N=MI)e55A1)

FORPMATISGX s LTHPERIGEE APOGEE)

FORMAT{/ 01X313HPARKING ORBITs9Xes2HC3:55A1)

FORMAT(1Xe 29HALTITUDE (N=MI) (KM/SECQ)#%2)
FORMATE/7/7s15Xs1SHALTITUDE (N=MI)s5Xe5(F7e258X))
FORIVMATE/ /e 18X s 15HALTITUDE (N=MI})/21XsTHPERIGEEsTXe5{FT7e258X))
FORMAT (21X e 6HAPOGEE 58X s5(FT76298X)) .
FORMATI(// 65X e 29HPARKING CRBIT ALTITUDE (NeMI)glXs5(FT7e24¢8X))
FORMATIS5X e 15HC3 (KM/SECI*¥#2618Xs5(FT7e2¢8X))

FORMAT(/ /s 1Xe29HTIME YAW STEERING BEGAN (SEC)e5Xe5(FT762¢8X))
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776 FORMATI/ #9X e 13HLAUNCH ORBITAL/O9X s 22HALIMUTH INCLINATION/9X
1 16HIDFGE {(DEG) ¢55A1)

787 FORMATI/21Xe23HTIME YAW STEERING BEGAN s55A1)
761 FORMAT(2Xs9H(SECONDS))
- NYAW=ETYAW(IIT)
GO TO t1e2)eMOPTS
1 CONT IRUE
C 2% AZ ACROSS *% ALT DOWN *x
GO TO {(12s164)¢NCPT2
13 WRITEIVRET 10V (AZIT)sI=1sNAZ)
WRITEINRETs11) (AINC(I)sI=1sNAZ)
NBR=NBLNK ENAZ) ‘
GO TO 15 : .
14 WRITE(NRIT 140 ITYAW(IISIII)sIl=1sNYAW)
NB=NRLNK { NYAW)
15 CONTINUE
GO TO (323s3s4) sNOPT3
3 IFINOPTL 2FQel) WRITE (NRITs20) (IBLNKsI=14NB)s(NAPLD(I)sI=14e23)
IFINOPT4 ¢EQe2) WRITE (NRIT$20) (IBLNKsI=1sNB)s (NAPLE(I)sI=1923)
IF{NOPT4 sEQe3) WRITE (NRITs20) (IBLNKsI=1sNB) s (NAPLF(I)sI=1523)
GO TO (5s636)¢NOPT2
5 RETURN
6 WRITE{NRIT +30)
RETURN

6 TF{NOPTL o¢FQel) WRITE (NRITs40) (IBLNKsI=1oNB)s(NAPLD(I)sI=1923)
IF{NOPT4 6FQe?2) WRITE (NRITs40) (IBLNKeI=1sNB)s (NAPLE(I)s1=1923)
IF{NOPT4 +FQe3) WRITE (NRITs40) (IBLNKsI=1sNB)s{(NAPLF({I1)sI=1e23)
WRITE{NRITs41)

RETURN
2 CONTINUE
C k% AZ DOWN %% ALT ACROSS**
NB=NRLNK (NALT)
GO TO (7sRsRsG) sNOPT3 |
7 WRITEG(NRIT70) (ALT(I) sI=1sNALT)
GO TO 71F
8 WRITEINRIT80) (ALT(I)sI=1sNALT)
WRITEINRITsB1) (ALTA(I)sI=1sNALTA)
GO TO 778
9 WRITE{MRITs90) (POA(1)s+I=1sNC3)
WRITE(NRITs91) (C3(I)sl=1sNC3)
NB=NBLNK {NC3)
778 CONTIMUE 4
GO TOLT776779) s NOPT2
777 IF{NOPT4&EQel) WRITE(NRITs776) (IBLNKsI=1eNB)s (NAPLD(I)sI=1423)
IF(NOPT4eFQo2) WRITE(NRITs776) (IBLNKsI=1sNB) s (NAPLE(I)sI=1s23)
IF{NOPT4sFQe3) WRITE(NRITs776) (IBLNKsI=1sNB)o (NAPLF(I)sI=1s23)
RETURN ‘
779 CONTIXNUE ' :
IF{NDO?T&sFEQel) WRITE(NRITo780) (IBLNKsI=1sNB)s (NAPLD(I)sl=14s23)
IFINOPT&4sFQe2) WRITE(NRITs780) (IRLNK2I=1sNRB)s (NAPLE(I)sI=1923)
TEINOPTL eFQe3) WRITE(NRIT780) (IBLNKsI=1sNB)s (NAPLF(I)sI=1s23)
WRITF{"RIT+781)
RETURIM
END
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SUBROUTINF QUTPLL(TIe1V)
COVMON/OPTCOVM/NOPTL s NOPTZ2s NOPT3 ¢ NOPT4 s NOPT5 o NOPTE¢NOPT Y

COMMON /CSTCON/ UsGoRESCNMKsPIEsRADsCI50) e NREDINRIToNRIT2
COMNCN/SYNCOM/NSYNCs JOLO(2) ¢NOLG(L10) s ALOND(1C) o TIME2(10) o TIME3(10)
e DVSYAsDVEYNGXSAZ{I0) sNXSYsNRSY s XLSAZ(12) ¢ NXLSY (21} eNLRSY(2)
COMMON /MISCOM/ AZ(10) oNAZSALT(1C) o NALTsALTA(LIO) oNALTASC3(101 eNC3
Ls ATNC(10) ¢ NOVEHSNOVE(10)

COMMON ZYAWCOVY/ TYAW{S5s10) sNTYAW{1D)

. COMMON /VEHCCM/ NSTGSeVENQM{333) sAVEL s AMEZ s AME3 9 AMESL

30
40

50

80
g1
¢0
100
101
107

120
130
140
141
150
181

COMMON /LINCONM/ LCsLYAXsNPAGE
DIMENSTION NAPLD(28)sTITLE(2) ¢ IBLANK(5])
DATA IBLNK/S5¢14623432541/ '
DATA ALTUD/10Ce/
DATA NRLNK/IH / .
DATA NAPLD/1HMS e IHT s IHA s 1HG s 1HE e 1H s 1HI o IHMe IHP ¢ 1THA s 1HC s 1HT s 1H 5 LHP
1oIHOs 1M oI HNeIHT ¢ 1M «1H( s 1HD e IHE s IHGs IHR s IME ¢ IHE s 1MSo 1M ) /
DATA TITLF/AHLONG s6H LAT /
FORMAT(//el2Xe 1OMHALTITUDE (N=MI}/16X3F7e2)
FORMAT(/ /912X 15MHALTITUDE (N=MI)/12Xs15HPERIGEE APOGEE/12XsFT7e2s1l
I1XeF7e2) '
FORMAT (// 42X 915HC3 (KM/SEC)®*¥2 53X s 2GHPARKING ORRIT ALTITUDE (N=M]
1)1/76XoF76¢2s1BXsF702)
FORPMAT (/93X 26HLAUNCH AZIMUTH (DEGREES)s12Xes4{(F762:11X)}
FORMAT (3 X ¢ 29HORBITAL INCLINATION (DEGREES)YeTXs&4{F762311X1)) ;
FORMAT [/ e3Xs33HTIME YAW STEERING BEGAN {(SECONDS) e3X & (FT762611X))
FORMAT(/ 45Xe1QHFNGIME CUT OFF TIMEs69A1)
FORMAT({IOXsOH(SECONDS) 918X 4 (A6sA66X) )

FORIMAT (// 82X e 55HILAUNCH AZIMUTH (DEGREES) ORBITAL INCLINATION (DEG
IREESI/1I0XsFT7e2820XsFTa2)

FORMAT(//7s3%Xe33HTIME YAW STEERING BEGAN (SECONDS)I/16XsFTe2)
FORMAT(/ ¢19Xs15HALTITUDE (NeMIV)o5Xs4({(FT7e2411X)) .
FORMAT(/ 19X s15HALTITUDE (N=MI}/23Xes THPERIGEE s IXs4(FT762¢11X))
FORMAT( 23X s 6HAPOGEEs10Xs&4(FT7e2¢11X) ) . .
FORMAT (/97X s 29HPARKING ORBIT ALTITUDE (N=MIJe3Xob4(FT7e2+11X1}))
FCRMAT(21X915HC3 (KM/SEC)##233Xs4({FT7e2¢11X)}

NYAWsMTYAW (T

GO TO (132)eNOPTS

ONTINUE »
AZ ACRNOSS ALT FIXED

GO TO (Relhshis5e3) s NOPT3
CALL COUMT(20s59sNS)
WRITE(NRITs30VALT(II)

GC TO 7
CALL COUNT (207 eNS)

WRITE(MRITS4CIALT(ITIYeALTA(ITL)

GO T0 7

CALL COUNT{20¢5¢NS)

WRITE(NRITSS50)IC3(II)Y«ALTUD

CONTINUE

GO TO (Rs9)sNCPT2
WRITF(MRITs80Y(AZ(I)
WRITE(NRIT$81) CAINC(I
CONTINUE '
N3=IBLNK (MNAZ)

I=1eNAZ)
) el=1sNAZ)
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NC=NAZ
LC=LC+4

GO TO 1CQ0
WRITE(NRITSs20)
NB=IBLNK{NYAW)
NC=NYAW
LC=LC+2

GO TO 1000
CONTINUE

ALT ACROSS AZ FIXED ##%

GO TO (11s12)eNOPT2

CONT INUE

CALL COQUNT(20s59NS)
WRITE(NRITI07VAZLIL) s AINCIID)
CONTINUE _

GG TO (13614914915016) sNOPT3

COMT INUE

CIRCULAR ORBIT _
WRITEANRIT «130)Y (ALT(I) sI=1 sNALT)
NC=NALT ‘

NB=IBLNK (NALT)

LC=LC+2

GO TO 1000
WRITE(NRIT 2140 {ALT(I) oI=1oNALT)
WRITE(NRITs141) (ALTA(I ) sI=1sNALTA)
NC=NALT |
NB=IRBLNK (NALT)
LC=LC+5

GO TO 1000
WRITE(NRIT$150)
WRITE(NRITe151)
NC=NC3
NB=TRLNK(NC3)
LC=LC+3

GO TO 1000

CONT INUE

SYN ORBIT %
RETURN

CONT INUE

YAW STEERING *#
CALL COUNT(209s5¢NS)

WRITE(NRIT120) TYAW(IIsIV)

GO TO 109

CONT INUE

WRITE(NRITs10C) (NBLNKsI=1«NB) s (NAPLD(I)»I=1928)
WRITE(NRITS 101 (TITLEs I=1sNC)

LC=LC+3

RETURN

END

(TYAW(I;IV)sI?l;NYAW)

ALT(L)
(C3(1)sI=1sNC3)
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SUBRQUTINE SYNCOT
DIMENSION TITLE(2:4)
COMMON /ERRCONM/ ERR(43510C) sNERRSPAERR
COMMON /CSTCOM/ UsGsRESCNMKsPIESRADC(50) s NREDeNRITsNRIT2
COMMOMN /MISCOM/ AZ{10) sNAZsALT(10) sNALTSALTA{1C0)sNALTASC3(10)snNC3
1sAINC{1ID 1 s NOVEHSNOVE(10)
COY™ON SVEHCCOM/ NSTGSsVENOM (353) sAVMEL sAYMEZ s AME35AYEL
COMMON/SYNCOM/NSYNC s JOLO(2Z) ¢ NOLOI10) sALOND(10) s TIME2(10) s TIME3(1C)
1s DVSYAsDVSYNsXSAZ{10) sNXSYsNRSYsXLSAZ(12) sNXLSY(2) ¢NLRSY(2)
COMMON ZALACOM/ PLI(5C0)sA(500)
COMMON/AWGTCOM/ GPFCsANETP :
COMMON /OPTCO/ NCOPT1sNOPT2oNOPT3oNOPT4LsNCPT5sNOPT6 o NOPTY
DATA {TITLE(DPeJ)sJ=154)/4HDESCs4HENDI s 4HNG Ne4HODE /s
1 (TITLE(Lsd) sJ=1s4) /4HASCE ¢ 4HNDIN s 4HG NOs4HDE  /
100 FORMAT(//3X26HMISSION = SYNCHRONOUS ORBIT ALTITUDE)
101 FORMATE//3X38HMISSION =~ EQUITORIAL SYNCHRONOUS ORBIT)
102 FORMATE/3X10HVEHICLE = 44A6)
103 FORMATE/2ZX21IHLONGITUDE OF ARRIVAL sF7e2¢8H DEGREES)
209 FORNMAT{//3X19HDEPARTURE FROM THE s4A&)
303 FORMAT{/3X24HLAUNCH AZIMUTH (DEGREES)$18Xs5(F7e298X))
301 FORMAT(/3X29HNUMEER OF PASSES THROUGH NODEs19XsIlslaXslleltXsllslé
IXs11s14Xs11) v
302 FORMAT(/3X29HORBITAL INCLINATION (DEGREES)s13Xe5(F70208X))
400 FORMAT(/3X25HTIME FROM ORBIT INJECTION/3X30HTO FIRST DESCENDING NC
1DE (SEC) s10Xe5(FGs266X))
401 FORMAT(/3X32HTIME FROM FIRST DESCENDING NODAL/3Xs39HPASSAGE TC DES
1IRED DEPARTURE NODE (SEC)slXe5(F9e2s6X))
500 FORMAT(/3X25HPAYLOAD TO ORBIT (POUNDS) 314X e5(F1l0e2s4AlslX))
501 FORMATI(/3X32HCUT CFF WEIGHT TO ORBIT (POUNDS) s 7Xs5(F1l06294Als1X))
502 FORMAT{/3X31HGROSS PAYLOAD TO ORBIT (POUNDS)s8Xe5(F1Ce2s4AlslX))
503 FORMATI/3X29HNET PAYLOAD TO ORBIT (POUNDS)s10Xs5(F1l0e284AlslX))
6G0 FORVAT(//) .
3700 FORMAT(//s13Xs27H* (XX) EXTRAPOLATION BEYCND DATA BANK)
REWIND NRIT?2
DO 7 I=1sNOVEH
READ {NRIT?) AMELl sAME2sAME3sAMES
READINRITZ2) GPFCSANETP
IF (NSYNCeEQoeleORNSYNCeEQe3) READ (NRITZ2) JOLO¢NOLOSNAZ
1 (AZ(IUX ) e 1UK=1 e NAZ)
IF (NSYNCeFGe3) READ (NRIT2) (AINC(IJK)elJK=1aNAZ!
READ(NRIT?2) (PLIJK)S(ERR(LLeJK) sl =1s4)sJK=1sNAZ)
[FINOPT4eGTol) CALL REDUCRIPLENAZsL)
CALL PAGE ' ,
TF(NSYNCeGTa2) WRITE(INRITS100)
IF(NSYNCelLTo3) WRITE(NRIT:101)
WRITE{NRITs102)AMELsAME2 s ANE3 s AMES
IF(NSYMNCoFQo2eORNSYNCaEQs4} GO TO 5
WRITEANRIT#1C03)ALOND(T)
IC=1
ICNF=JoLO( 1)
DO 4 J=1s2
IF(JOLO(JU) «EQeO) GO TO 3
WRITEINRIT200) {TITLELJsK) sK=1p4)
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WRITE{NRITs300) (AZ{K)¢K=1CsICNF)

IFINSYNCeEQe3) WRITE(NRITS302) (AINC(K)YsK=ICsICNF)
WRITEINRIT#301}) (NOLO (K)sK=ICsICNF)
WRITE{NRITs400) (TIMEZ2(K)sK=1CsICNF)
WRITE(NRIT¢401) (TIME3(K)sK=ICsICNF)

CONT INUE

IC=JOLO(1)+1

ICNF=NAZ

CONT INUE

CONT INUE

WRITE(NRIT +600)

WRITE{NRIT#300) (AZ(K)sK=1sNAZ)

[FINSYNCeEQe4) WRITE(MNRIT»302) (AINC(K)sK=1sNAZ)

(M)

P

6 CONTINUE
C
C WRITE(NRITS500) ((PLIK) sA{IKsK)sIK=1s4) sK=1sNAZ)
C
IF(NOPT40EQsl) WRITE(NRITs501) (PLIK)s(ERR{LLsK)sLL=194)sK=19sNAZ)
TF(NOPT4EQ02) WRITE(NRITS502) (PLIK) s (ERR(LLsK)sLL=1s4) sK=1sNAZ)
IF(NOPT4eEQe3) WRITE(NRITs503) (PLIK) s (ERR{LLeK)}slL=104)eX=1sNAL)
C

READ (NRIT2) NERR

IF(NERR oGTe O) WRITE(NRIT$3000)
7 CONTINUE

RETURM

END

$IRFTC SUBZ25

SUBROUTINE EXOUT

COMMON /70PTCOVM/ NOPT1sNOPTZ2oNOPT3sNOPT4sNOPTS4NOPTE&sNOPTY

COMMON /CSTCOM/ UsGsREsCNMKIPIEsRADsCI50) s MREDONRITeNRITZ

COMMON/MISCOM/ AZ{10)sNAZsALT{10) s NALTSALTACLIO} eNALTASC3(10) sNC3
1sAINCIIO ) s NOVEHSNOVE(LD) : '

COMMON /VEHCOM/ NSTGSsVENOM(3e3) sAMEL s AMEZ s AMEZ2 s AMES

COMMON /RATCOM/ FTALL5)eXETA(L5)YsNPTA(3) ¢NRTA(3)
TeFTClLIB)Y e XETC(1ID ) eNPTC{3)sNRTC(3)
2eFISPA{15) ¢ XEISA(L5)sNPISA(3)sNRISA(3)
B3¢FISPC{15) ¢ XEISC{15)oNPISC(3)eNRISC(3)

GoFSWAT1IS ' e XESWA{LI5) ¢ NPSWA{3) ¢ NRSWA(3)
S5eFSWC{15) ¢ XESWC{15)sNPSWC(3) ¢NRSWC(3)
~ COMMON /ITMCOM/ NSTAGS(10) sMmSTAG(3410) s ITEMS(3410)sITEM(3,43)
1¢DELPR{393}

COMMON /WHSCOM/ MSTG{3)sMITM{343)

COMMON /WOTCOMY GPFCSANETP

COMMON /FRRCOM/ ERR(431C0) sNERROPAERR

DIMENSION UNITLI(3)3PAMA(3) sPAMB(3) sUNTZ2A(3) sUNTZ2B({3)sUNT3A(3) sUNT3
#R(3)4UNT3C(3)

DATA UNITL1/44LB s LHSEC o4HLB  /

DATA PAMA/&GHTHRU s 4HISP s 4HSTAG/

DATA PAMB/GHST ¢ 44 s 4HE WT/
DATA UNT2A/GHPERCS4HSEC s4HLB  /
DATA UNT2RA4HENT saH ¢ &4 /

DATA UNT3AZ4HLB/Pe4HLB/Ses4HLB/L/
DATA UNT3R/4HERCE ¢4HEC  s4HB /
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DATA UNT3C/4HNT e 4H g 4H /
3 FORMAT(/ sOXs2A4 sl XoF106201XoAteF 106281 02NbelXF 76221 Xe3N402X6FT760
¥¢3H LB) ,
100 FORMAT{1IH1s 13X60HMISSION=PAYLOAD DETERMIMNATION FOR LOW EARTH CIRC
1ULAR ORBIT /
214X9HALTITUDE FT7e2e¢lX6H{N=MI))
200 FORMAT(1H1+ 13X45HPAYLOAD DETERMINATION FOR HIGH ENERGY MISSION
1/ 4 X36HPARKING ORBIT ALTITUDE 10000 {(N=MI)
2714 X3HC3 FTe2e lX1IH{KM/SEC)*%2)
300 FORMAT( 14X10HVEHICLE 4 A6 )
301 FORMAT( 14X15HLAUNCH AZIMUTH FT7e292X9H(I(DEGREES)
12X20HORBITAL INCLINATION F7e232X9H{(DEGREESY))
302 FORMAT(//e32Xs31H%#% EXCHARNGE RATIO ANALYSIS ##x)
303 FORMAT(//21Xe THNOMINAL 30X s THPAYLOAD 12X s THPAYLOAD)

304 FORMAT( 2Xs85HSTAGE PARAMETER VALUE PERTURBATION
¥ EXCHANGE RATIO PERTURBATICON)

“305 FORMAT(/ e46Xsl1)

306 FORMAT(/ 75X 1CH~mmmwoomm~ e /69X s6HTOTAL 9F76093H LB)

307 FORMAT(60Xs15HCUT OFF WEIGHT $FT76093H LBslXs4Al)
308 FORMAT(61Xs14HGROSS PAYLOAD 9F7.0e3H LBslXs4Al)
309 FORMAT{63Xs12HNET PAYLOAD sF7e¢l¢3H LBslXs4Al)
3000 FORMAT(//e13Xs3TH%® (XX) EXTRAPOLATION BEYOND DATA BANK)

REWIND NRIT2

DQ 91 1J=1sNOVEH
‘READ(NRIT2) NSTGS -

READ(NRIT2) AMEls AME2s AME3:AMES

READ(NRITZ) GPFCeANETP

READINRITZ) ((VENOMIKIsJS)IaKI=153)9JS=1oNSTGS)

CALL WHSTG(IW) -

GG TO (10610810820+10) sNOPT3

10 CONTINUE i
WRITE (NRITs100) ALT(Y)
GO TO 0
20 COMTINUE
T OWRITE (NRITs200) C3(1)
30 WRITE (NRIT»301) AZ(1)sAINC(1)
© WRITE (NRITs300) AMEls AME2s AME3sAME4

WRITE(NRIT$302)

WRITE(NRIT$303)

WRITE(NRIT$304)

DO 22 J =1sNSTGS

WRITE(NRITS305) J

DO 93 I=143

IF{(JoNEeMSTG(J) ) e ORe (1o NELMITMIIsJ))) GO TO 94

READ(NRIT2) PLEXsDPLT ,

WRITE(NRITs3) PAMA(I)sPAMB(I) s VENOM(I o J) sUNITLI(I)
#sDELPRIT 6 J)YsUNT2A(T) sUNT2B (1) sPLEX
¥oUMT3A(I ) oUNT3B (1) eUNT3C( 1) sDPLT

GO TO o3

94 CONTINUE
WRITE(NRITs3) PAMA(I) s PAMB(I ) sVENONM(IeJ)sUNITL(I)
Q3 CONTINUE ‘
92 COMTINUE
READ(NRIT2) DPAYSePTH(ERR(IIs1)sIl=1s4)sNERR
IFINOPT4eGTol)CALL REDUCRIPT151)
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WRITE{NRITs206) DPAYS ‘
IF(NOPT4aFQe L IWRITE(NRITS307) PTs(ERR(IIsl)ell=104)
IFINDOPT4eEQe2) WRITE(NRIT308) PTe(ERR(IIs1l)sIl=lss)
IF{NOPT4sEQ23) WRITE(RNRIT$309) PTs (ERR(ITs1)sII=les)
. IFINFRR «GTe Q) WRITE(NRIT»3000)
9% CONTINUE
RETURN
END

SIRETC SURZ6
SURRDQUTINFE INFO'
COMMON FCSTCOM/ U’GQPE9CNMK9PIE§RADQC(50)9NRED9NRIT9NPLT2
DIMENSION XNUMI(6) sA{2)sB(2)
DATA XMUM/ZIH1sIH231H3 s 1HGs 1H591H /9A/1H99 H /sB/2H*#e24 /
1 FORWAT(?HI%QEX%QBHTPF DATA BANK CONTAINS THE FOLLOWING INFORMATION
13
2 FORMATI#/7¢26X e THVEHICLE 28X o OHMISSION #324X s 26HEXCHANGE RATIO FUNC
1TION OFFLOOXe 14HALTITUDE C3)
FORMAT (/26X s 9HSATURN IBs26XsGA1:33XsA8237XsA2)
FORMAT(PEX s L2HSATURN V 516:23X39A1 32X sA2sT7XsA2)
FORMAT(26X 2 16HSATURN V 2 STAGE»19X39A1¢323XsA2sTXeA2)
FORMAT{Z6X s 11IHTITAN TI1 Ce24X99A 033 XsA2eTXeA2)
FORMATI(Z8XsIIHTITAN T11 Ms24XsGA1932X A2 7XsA2)
FORMAT{#/¢53X16H% MISSION LEGEND//52X¢1E8H1 LOW EARTH ORBIT/E2Xs14
1HZ POLAR ORBIT/53Xel4H3 HIGH ENERGY/53X¢2CH4  SYNCHROMNOUS ORSBIT)
WRITE(NEITs 1)
WRITE(MRITs2)
WRITE(NEIT&3) XNUMILIYsA{L) o XNUMI2)sA(L) e XNUM{3) eA(2) e XNUM(B) sA(2) 9
IXNUM{G)sB(1)sB(2)
WRITE(NRIT s4) XNUM(LIeA(L) o XMNUMIB) sA(2) s XNUMIG) 0 A(2) s XMUMIGE) 2A(2) s
IXNUM{B)YsR{2) +B{1)
WRITE(NRIT 5) XNUM(1)eA(L) s XNUMIZ2) sA(L1) o XMUMIB3)eA(2) o XNUMIE)sAL(2) s
IXNUMIEYaB{1)eB(2)
WRITE(NRIT 26} X\UM(‘)ﬁA(Z)¢X\UM(6)9A(2)9XNUM(6)9A(°)QXNUM(é)QA(L):
1IXNUMIS6)sB(2) sR2)
WRITE(NRET ¢ 7)) XNUMIL1)YsA{2) s XNUM{E) sA{Z2) o ANUMIE) s A{2) s XNUM(IB)sA(2) s
IXNUM{B)IsBL2)BLZ)
WRITE(NRIT :8)
RETURN
END

& od BW B oW

$IRFTC SUB27 .

SUBRQOUTINE MISS
COMMON/OPTCOM/NOPTL1 e NOPT2 s NOPT3sNOPT4 o NOPTH s NORPTEsNOPTY
COMMDN FESTCOM/ UsGsREsCHNMKsPIEsRADsCI50) sNREDeNRITeNRITZ
COMMON MISCOVM/ AZ(10) oNAZSALT(L0) oNALTSALTA(LIO) sNALTAC3(101 sNC3
1sATNC{ID)  NOVEHSNOVE({10)
COMMDN FYAWCOM/ TYAW{S5s10) sNTYAW(10)
COMMON YEHCOM/ NSTGSsVENOM(243) s AMEL s AMEZ2 s AME3 s AMEL
COMMON JLINCOM/ LCeLMAXNPAGE
COMMON/SYNCOM/NSYNCs JOLO(2) e NOLO(10) s ALOND(LO) ¢ TIMEZ2(10) e TIME3(10)
1s DVSYAsDVSYNeXSAZ(10) eNXSY eNRSY e XLSAZ{12) o NXLSY(2) ¢MLRSEY(2)

40 FORMAT{/ 427X s60HMISSION = PAYLOAD DETERMINATION FOR LOW EARTH CIRC
1ULAR ORBIT )
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T 50 FORWAT(/$2TX e 62HMISSION

CIRTTICEL ORAITY

Ty '*Tff:x/e?7X962HWISSION = PAYLOAD CETERMINATION FOR LOW

= PAYLOAD DETERMINATION FOR LOW

EARTH ELLI

EARTH ELLI

ipTICAL ORRIT/3TFXs32HAND CIRCULARIZING ORBIT AT APOGEE)
« PAYLOAD DETERMINATION FOR HIGH ENERGY MI

70 FORMAT(/s27XsSEHMISSTON
15S10NS)

St G FORMAT (/527X s36HMISSION

e

]

#
3
i 3

B8] FORMAT (/27X a5HMISSION
90 FORMAT(/42TX+&ZHMISSION

-. 1IRCULAR ORBIT}

TL0U FORMAT(/92T7Xs65HMISSION
ILLIPTICAL ORRIT)
11D FORMAT( /927X s59HMISSION

= SYNCHRONOUS CRBIT ALTITUDE)

= EQUITIORIAL EARTH SYMCHRONCUS ORBIT)

= STAGE IMPACT PODINT TRACE
= STAGE IMPACT POINT TRACE

= STAGE IMPACT POINT TRACE

ILLIPTICAL/37Xs33HORBIT AND CIRCULARIZING AT APOGEE)
120 FORMAT(/e27Xs5PHMISSION = STAGE IMPACT POINT TRACE FOR HIGH ENERGY

1 MISSIONS)
CALL PAGE
LC=2
GO TO(1s293) sNOPTL
1 CONTINUE

GO TO (695969 Fs8)NOPT3

4 WRITE(NRIT 040}
" RETURN

5 WRITE(NRIT«50F
RETURN

6 WRITE(NRIT 2601}
RETURN

7 WRITE(NRIT«701}
RETURN

8 CONTINUE
RETURN

2 CONTINUE

T CruE*PAYLOAN DETERMINATION# % #%

C*****STAGF IMPACT POINT TRACE®®#u##

GO TO
9 WRITE(NRIT+GO}
RETURN
WPITE(MRITalOG)
RETURN
WRITE(NRITS110)
RETURN
WRITE(NRIT.120C)
RETURN
CONTINUE
TFINSYNCeGTe21}
[F{NSYNColLTe3?
RETURN
3 CONTINUE

RETURN

END

10

11

12

13

(9s1Cs11312513)eNOPT3

WRITE(NRIT+80)
WRITE(NRIT#81)

FOR LOw

FOR LOW

EARTH

"

EARTH E

FOR LOW EARTH E
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SIRFTC SURZS8

SUBRROUTINF CAPT
COVNON/OPTC(N/NOPTI,”OPT29NOPT39QOPTQ@NOPT59NOPT69VOPT7
COMMON /CSTCOVY/ UsGeREsCNMKePIEsRADeCI50) s NREDeNRITONRIT2
COMMON /VISCOI/ AZ{10) oNAZsALT(10) e NALT«ALTACLIO) s NALTASC3(10)sNC3
1eAINC{L10) s NOVEHeNOVE(10)
COMMON /VEHCNM/ NSTGSsVENOM(363) s AMFL1oAME2 9y AMEB gAMEL

1 FORMAT(/27X10HVEHICLE = 4A6)

100 FORMAT(/ ¢ 2 TX15HLAUNCH AZIMUTH F7o2c7H {DEGI/27X33HORBITAL INCLINA

ITION ©0.00 (DEG))
CALL COUNT(1Ce2sNS)
WRITE (NRITe1l) AMELlsAMEZ2sAME3 s AMESG
IF(NOPT?26¢FEQel) RETURN
CALL COUNT(8s29NSE)
WRITE(NRITL100) AZ(1)
RETURN
END

$IRrTC SUB?29
SURBROUTINE MATAZ (AZ)
COMMON /ROTCOM/ T90(363)sT901(393)sTAZ(353)3ABC(393)
CALL ROT{({AZ=90:)/5T7:2957795)sTAZ)
CALL MAT (T901¢TAZsABC33¢3+3)
CALL MAT (ABCsT90sTAZs3263:¢3)
RETURN
END

$I8FTC SUB30
SUBROUTINE ROT(ANG@A)
DIMENSION A(343)

C ANG IN RADIANS

C=COS (ANG)
S=SIN{ANG)
DO 1 I=143
DO 1 J=1l+3
A{Jsl)=0s¢

1 CONTINUE

C ROTATION ABQUT THE X=AXIS

Al{lslli=1lo
A{2s2)=C
A{283)=5
AE{362)==5
A{3e31)=C
RETURN
END

$IRFTC SUR31 )
SUBROUTINE MAT (PsQeReJsKsl)

C R{JelL)=P(JeX1#Q(Kal)
DIMENSION P(393)eO(393)¢R(393)eQQ(3§3)
DO 1 LL=1lsL
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DO 1 Kk=1¢K
QQIKKeLL)=0(KKeLL)
1 CONTINUE
DO 2 LL=1leL
DO 2 JJ=1ed
R{JJIsl L} =060
2 CONTINUE
DO 3 Li=1¢lL
DO 3 Jd=leld
DO 3 KK=1leK .

ﬁ R(JJ;LL)=R(JJeLL)+P(JJ9KK)*QQ(KK&LL)
& 3 CONTINUE

RETURN

END

$IR’FTC SUR32
SUBROUTINE INTLA(NNNeNDIMoFsXoNXsNORsCoXXsANS)
DIMENSION FU1)eX{1)aXX{1)sCl1)aNX{4)eNS(4)sNF(4) o NOR(4)
NS(2)=1
NS(3)=1
NS(4)=1
L=1
DO 3 I=1sNDIM
K=NX({I)
IF {1eGTeNNN) GO TO 1
C CURVF FIT
CALL CFCOF (LeKeXX(1)sClL)NSCIYoNF(1))
GO TO 2
1 CONTINUE
C LAGRANGE COEFS
CALL LACOF (X(L)sKaXX(I)eNOR(I)YoC(L)sNSITI)eNF(I))
2 CONTINUE
L=L+K
.3 CONTINUE
IXS=NS(1)
IXF=NF({1)
JYS=NS(2)
JYF=NF(2)
KZS=NS(3)
KZF=NF(3)
LVS=NS{4)
LVF=NF{4)
IX=NX{1)
JY=NX(2)
Z=NX(3)
IXY=IX=®JY
IXJ=IX%{JYS=1)
IXYZ=1XY#*KZ
LFX=]X=]XF
LEY={JY=JYF}*]IX
NSS=]X+JY+KZS=1
III=IXY®(KZS=1)
P NL=IX+JY+KZ4+LVS=]
o MS=IX+JYSe=]
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ANSV=0,

DO 40 LLV=LVSeLVF

NéNSS
L= {LLV=1)#IXYZ+111

‘ A~f"§‘NSK=Og

10

20

30

40

DO 30 K=KZSeKZF
L=L+1IXJ

ANSJ=0e

M=MS

DO 20 J=JYSeJYF
L=t +IXS5~1

ANS=0s

DO 10 I=IXSsIXF
L=L+1
ANS=ANS+C(I)+#F (L)
CONT INUE

IF (NDIMeEGel) RETURN
M=M4+]
ANSJ=ANSJ+C{M)#¥ANS
L=L+LFX

CONTINUE

ANS=ANSJ

IF (NDIMeEQse2) RETURN
N=N+1
ANSK=ANSK+C(N)®¥ANS
L=L+LFY

CONT INUE

- ANS=ANSK

IF {(NDIMeEQe3) RETURN
NL=NL+1
ANSV=ANSV+C{NL ) #ANS
CONT INUE

ANS=ANSY

RETURN

END

$IRFTC SUB33
SUBRCUTINE CFCOF (LsKsXXsCoNSsNF)

DIMENSION C(1)
Clli=1le

DO 1 I=2sK
ClIN=CI=]1)%*XX
CONT INUE

NS=L

NF =l +K=1
RETURN

END

$IRFTC SUB34
SUBROUTINE LACOF (XsNXsXX3NOReColoN)

DIMENSION X{1)eC(1)
NO=NOR .

IF (NOeGTeNXT NO=NXe]
I=NX+1

DO 10 J=1gNX
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I=]=1
IF (XXoGEeX(I)) GO TO 20
10 CONTINUE
20 CONTINUE
N=1+NO -
IF (NeLEoNX) GO TO 30
N=NX - ,
I =NX=ND
30 CONTINUE
DO 50 K=1sN
S=1s
§S5=1e
AX=X(K)
DO 40 L=1sN
IF {(KeFQsl )} GO TO 40
S=Sx (XXwX (L))
1 §5=S5S* (AX=X(L))
- 40 CONTINUE
CIKI=5/55
50 CONTINUE
RETURN
END

"$IRFTC SUB35
SUBROUTINE C3ALT (NSsAPsAA+C3)
COMMON /CSTCOM/ UsGsREsCNMKsPIESRAD:C(50) sNREDsNRITsNRIT2
C NS=1 C3=F(ALT)
C " NS=2 ALT=G(C3) CIRCULAR ORBITS ONLY
GO TO (1s2)sNS
1 CONTINUE
C3zw2 e #U/{ 2 *RE+CNMK® (AP+AA) )
RETURN '
2 CONTINUE
AP==y/C3
AA=AP '
RETURN
END

$IBFTC SUR3S
SURROUTINE INCAZ (NSeNM)
DIMENSION X(5)eAZINC(5) v
COMMON /CSTCOM/ UsGeREsCNMKePIEsRADsC(50) s NREDSNRITeNRIT2
COMMON /MISCOM/ AZ{10) sNAZsALT(10) oNALTsALTACLO) oNALTAC3(10) #NC3
1,AINC(10) s NOVEHsNOVE(10Q)
DATA X/4%5e870e¢ $90e81206e9s1454/
DATA AZINC/4Se4689334396928039039e85295840338/

C NS=1 NORTH NS=2 SOUTH
C NN=0 AZ INC NN=1 INC TO AZ
N=1

IF (NSsNEsl) N=3

DO 2 I=1eNAZ

IF (NNeEQaO}Y GO TO 1

CALL INTLA (OeloX{NYsAZINCIN)+3s29CeAINC(I)¢AZ(I))

GO TO 2
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CONTINUE

CALL INTLA (OslsAZINCINYsX(N)$3s2sCeAZ(I)sAINCI(I))

CONTINUE -
RETURN
END

$IRFTC SUBR3Y

SUBRQUTINE WHSTG(IVEH)

COMMON /WHSCOM/ MSTG(3)YeMITM{363)

COMMON /1TMCOM/ NSTAGS(10) sNSTAG(35100) 1 TEMS(3410)sITEM(33)

14DELPR(243)

DO 10 I=1,:3
MSTG(I1)=0

DO 10 J=163
MITM(Js11)=0

CONT INUE
JSTG=NSTAGS(IVEH)
DO 30 I=1.JSTG
ISTG=NSTAG({IsIVEH)
MSTGIISTGI=ISTG
KITMS=1TEMS(IsIVEH)
DO 30 J=1e¢KITMS
KITM=ITEM(Jsl)
MITM{KITMe ISTG)=KITM
CONT INUE

RETURN

END

$IBFTC 5UB38

@%

&
7

SUBRCUTINE ANUMB (IsNIsN)
DIMENSION NI(3)
N=1 '

"IF (leEQel) RETURN

K=1~1
DO 1 J=1sK
N=N+NT (J)
CONT INUE
RETURN

END

SIBFTC SUB39

SUBRCUTINE REDUCR(PLsNsM)}
COMMON /WGTCOM/ GPFCsANETP

COMMON /OPTCOM/ NOPT1sNCPT2eNOPT3sNOPT4esNCPTS ¢ NOPTESNCPT7

GPFC = GROSS WT FROM CUT OFF wT

ANETP = NET PAYLOAD FROM GROSS WT

DIMENSION PL{1s1)
A=GPFC . :
IF(NOPT4oGTe2) A=A+ANETP
DO 1 I=1sN

DO 1 J=1sM
PLITsJ)=PLITsJ)=A
CONTINUE

RETURN

END
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$IRFTC SUB4O
SUBROUT iNE COUNT (NPoNPAWNS)
COMMON 7 1:-COM/LC s LMAX s NPAGE
NG=i: - .* )
IF((NP+LCYeLTeLMAX) GO TO 2
LC=0
L NS=1
i CALL PAGF
2 CONTINUE |
LC=LC+NPA
RETURN
END

T CRIBFTC SUBSL]

SUBROUTINE PAGE

COMMON /CSTCOM/ UsGsRE ¢ CNMK9sPIESsRADsC{50) sNREDsNRITONRIT2
COMMON/LINCOM/LCoLMAX 9 NPAGE

NPAGE=NPAGE+1

WRITE(MRITs 100} NPAGE

B 100 FOBMAT(1H1+/100X s 4HPAGE s 14)
s RE TURN

END
TR e w BFTC SUBG2

SUBROUTINE AZDET (1)

;. o DIMENSTON FLO(9) oXDLI45) s XAL{45)

Tk T T CORBETE/MISCOM/ AZ(10) sNAZsALT(L10) sNALTSALTA(LIO) oNALTASC3(10) sNC3
1sAINCL10) s NOVEHSNOVE(10)
COMMON/SYNCOM/NSYNCs JOLO(2) ¢ NOLO(10) s ALOND(10) s TIME2(10) ¢ TIME3(10)
1s DVYSYAeDVSYNoXSAZ(10) s NXSYsNRSY sXLSAZ(12) s NXLSY(2) sNLRSY(2)
COMMON /CSTCOM/ UsGsREsCNMKsPIESRADSCI50) sNREDSNRITeNRIT?2

DATA NXLO/9/sNORLO/6/

fé," DATA FLO /125035120511 06¢210063890098008706860695550/
S XDL = DEPARTURE FROM DESCENDING NODE
DATA XDL / 312659317693270553426936265538269397,9409.50415,
m e ls 2906929565305065932069340693596592756538768392,
s o 29 268058273692830929709317098336465352,563650837065
3 2466325008261 06852750652956¢314093300934265934845
49 224@ 8228 923‘89 2252 5272e5929299307@5@320953250/
C ~XAL = DEPARTURE FROM ASCENDING NODE
DATA XAL / 1229126059132 7606915262172058191¢9206e921805082240
le 1006910665114¢55129655149¢5516705183691966320165
25 772981c¢5092681070a81270914669161691746817965 ’
3 560960e9700384e55104e691226213865150e015665
4 3269366534 769620581e¢310060811568128651340/
C ALOND LONG OF ARRIVAL
i ALOD LONG OF DEPARTURE
ALOD=ALOND(1)1=100,
IF (NSYNCoGFe3) ALOD=ALOND(I)=79.03
- IF (ALODeLTe0o) ALOD=ALOD+360,
e T W NA D,
DR ASCENDING NODE DEPARTURE

B CALL AMACH (1esALODsFLOsXALsNXLOsNORLOs1)
S DESCENDING NODE DEPARTURE
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ALONF=ALOD

IF (ALODeLEs60e) ALONF=ALONF+360s

‘CALL AMACH (0osALONFsFLOsXDL sNXLOsNORLO92)

%ETURN

END

§1RFTC SUB43

SUBROUTINE AMACH (AsALDsFsXeNXsNORoJ)

DIMENSTION FU1)eX(1)eXAZ{TYsCAF(T)

COMMON /CSTCOM/ UsGsRESCNMKSPIEsRADSCI50) s NREDeNRITsNRIT2

COMMON /MISCOM/ AZ(10) sNAZsALT(10) oNALTSALTA(LIO0} ¢NALTARC3{10)sNC3
1sAINC(10) s NOVEHsNOVE(10)

l1e DVSYAsDVSYNeXSAZ(10) sNXSYeNRSYsXLSAZ(L12) oNXLSY(2)eNLRSY(2)
COMMON/SYNCOM/NSYNC» JOLO(2) s NOLO(10) sALOND{10) s TIME2(10) »TIME3(10)
EQUIVALENCE (KoNAZ)

DATA RKAZ /6069702580099069100e8110691200/

DATA CAF /13165912169107e239069732e555%609494/

A=1 DEPARTURE FROM ASCENDING NODE

=0 DEPARTURE FROM DESCENDING NODE

JOLOLUSY=0
M=zw=8

BO 1 I=145
B=N+9

IF (ALDoLTeX{N)eORcALDsGTeX(N+8}) GO TO 1
JOLO(J)=JOLO{J ) +1 '
K=K+l
HOLO(K)=1]
CALL INTLA (O2lsFsX{N)sNXsNORsCsALDSAZ(K))
TIME3(K)=52886% (e S%A+FLOAT(I=1))
CALL INTLA (OslsCAFsXAZsT963CoAZ(K)sCA)
TIMEZ2(K) =14469%(CA=220)
1 CONTINUE
RETURN
END

$IBFTC SUB44L

SUBROUTINE ERRORINDsFeXoNXeNORXsXXsAsN1oN2)
DIMENSION A(Q)eNX(l)aF(l)9X(1)9NORX(1)eXX(lleAACZ)ﬁBB(2)9B(IO)
1:C(213A2{2)eB1(2)
COMMON /ERRCOM/ ERR(@OO)yNERRvPA:RR
DATA 8/1H091H191H291H391H491H5¢1H6elH7ylH8elH9/9C/lH(elH)/aD/lH /
1eAA/:0593,055/sBB/:0615057/
B0 1 I=1s4
AL11)=D
1 CONTINUE
BO 2 I=152
A£1(1}1=060
81{I)=0s0
2 CONTINUE
=1
ERROR=0:0
PAERR=2,00
B0 3 I=N1leN2
E=NX{IY
Klel+¥=]
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IFIXX{T el ToX(L)) AL(TI)=BB(]}
IF{XX{T)eGTeX(K1)) Bl(I)=AA(I)
ERROR=ERROR + (X{L)Y=XX{1))% AL(I)} + (XX{I)e=sX({(K1})% B1{1)
L=L+K

3 CONTINUE
[F{ERROR oLE«PAERR) RETURN
IF{ERROR«GTe99:} ERROR= 99:00
NERR=NERR + 1
Al1)=C(1)
Ala)y=C(2)
M=ERROR
N=0s1%¥ERROR
LL=M=N%]10
A(2)1=B{N+1}
Al3)=B(LL+1)
RETURN
END

$IBFTC SUB4S

SUBROUTINE CURVE

DIMENSION TIME(100)sTRACE(100)¢COEF(T)
ZsACO(2)sBCO(2)sCCO(R)eDAT(14)
COMMON/CSTCOM/UsGoRESCNMKsPIESRADSC(50) sNREDsNRITSNRIT2

NAMELIST /ONE/ TIMEsTRACEsNSET NP

DATA ACO /4HLATIs4HLONG/
DATA BCO /4HTUDE s4HITUD/
DATA CCO /4H s 4HE /
DATA DAT/1H1slHZs1H391H4 s 1HEs1HEe1HT o 1lHE8 9 1HG o IHA G IHB e IHC o 1HD o 1ME/

10 FORMAT(1HL +5X50HTHE COEFFICIENTS GENERATED IN THIS SUBROUTINE
1 /55H WILL BE PUNCHED ON CARDS IN DATA STATEMENTS TO BE USED
2" /5%H BY THE PROGRAMe ALL THE USER NEED DO IS PUNCH THE
3 /55H CORRECT NUMBER FOLLOWING FY ON THE FIRST CARD AND
4 /55H THE LIMITS ON Ie CONSULT THE SECTION DESCRIBING

.5 55K DATA BLOGKS IN THE DECK WRITE UPe )

11 FORMAT(6X1O0HDATA FY / )

12 FORMAT{1X4A4)

13 FORMAT{1X6HTIME 9(1XF9s21))

14 FORMAT(1X6HTRACE 9(1XF9e¢2))

15 FORMAT(1Xs3H AOE1568353X3HALl E1568¢3X3HAZ2 E1508493X3HA3 E15.8/
13H A4E15e¢84¢3X3HAS E1l568¢3X3HAG6 E1568¢3X3HAT El568/3H ARE1568%
23HA9 El1548) '

16 FORMAT(5X1A191X4(E156891Hs1))

17 FORMAT(5X1A141XE156891HeoE1B8e8s1lHosE1S6851H/)

WRITE (NRITs10)}

NPNCH=7
READ (NRED,ONE)

DO 30 I=le2

I=1 LAT =2 LONG

WRITE (NPNCHol1l)

WRITE (NRITe¢12) ACO(I)sBCO(I)sCCO(I)
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20
30

L=0

DO 20 J=1¢NSET

READ (NRED,ONE)

L=L+1

WRITE (NRITs13) (TIME(K)sK=1sNP)

WRITE (NRITs14) (TRACE(K)sK=1eNP)

CALL CFIT (TIME»TRACEsNPs69COEF)

WRITE (NRITs15) COEF

WRITE (NPNCHs16) DAT(L)s (COEF(M) sM=154)

L=L+1 '

IF {JeLTsNSET) WRITE (NPNCH»16) DAT(L) e (COEF(M)sM=55T7)
IF [JeGESNSET) WRITE (NPNCHs17) DATI(L) s (COEF(M) sM=547)
IF {LsGEsl4) L=0 :

CONTINUE

CONTINUE

RE TURN

END

$IBFTC SUB4s

CONOONOOANOONN

Y

P
P2
SY

12

13

x.
NP
NDI DEGREE OF CURVE FIT

COE ARRAY OF COEFFICIENTS
SE

SUBROUTINE CFIT( X o Y sNPsND1sCOEF)

ARRAY OF INDEPENT VARUABLES
ARRAY OF DEPENDENT VARIABLES
MOo OF POINTS IN AID AND ADV

STANDARD ERROR OF ESTIMATE
INDEX OF MULTIPLE CORRELATION
INDEX OF DETERMINATION
STANDARD DEVIATION

NSL SOLUTION INDICATOR MUST BE ZERO

DIMEKSION X(100Ys Y(10O0)e
NSL=0 :
CALL LSQ( X o Y 9 SUMsSUMYsCOESND1sNSL)
IF (RSLIT7610e7

RETURN

NX=HD141

SUMiﬂog

SUMZ2=0e

SUM3=204

YBAR=0¢

XBAR“O@

DO 13 UJ=1lgsNP

YC=COE (1) .

DO 12 K=2sNX

YC2YC+COE(K)#*X(J)HHE(K=]1)

CONTINUE

DifF=¥{ }=Y(

SUMI=SUMl+DIF#%2

SUMZ2=2SUMZ+ABS{DIF)

YBAR=YRAR+Y (J)

XBAR=XBAR+X(J)

CONT INUE

FN=NP

FR=NX

SUM{19)eSUMY(10)sCOE(1DO)
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£33
g* SE=SQRT(SUML/{FN=FR))
L FMD=SUM2 /FN

YBAR=YBAR/FN
XBAR=XBAR/FN

DO 14 J=1eNP
DIF=Y(J)=YBAR
SUM3=SUM3+D]F##2

- 14 CONTINUE .
P2=2le=({SUMIR(FN=1e))/(SUM3* (FN=FR} )

o P=SQRT(P2)

T SY=SORT(SUM3/ (FN=1o}}

a RE TURN

» END

W SIRFTC SURLY

SURRDUTINFE LSQ(XsYs SUMsSUMYcCOESNDLsNSL)
DIMENSION X{1N00)sY(1001sA(10611) sSUM(L19) sSUMY(L0)
1COE(10N) '
nO 10 I=1+19
ID SUM(TI)=0.
PO 11 I=1.+10
11 SUMY(I)=0,.
N=2#ND1+1
DO 30 I=1eN
DO 30 L=1e¢NP
TF(X(LYY1 7515417
15 [F(I«11179¢16s17
15 ER=1,
GO TO 18
17 ER=X(L}¥¥(]=1)
18 CONTINUE
SUMIT)=SUM(I)+ER
IF{I=ND1I~1)20420+30
20 SUMY(T)=ER®Y(LI+SUMY(TI)
30 CONTINUE
NX=ND1+1
PO 50 I=1e¢NX
M=
DO 40 J=1sNX
Al{T ¢J)=SUM(M)
£0 M=M+4]
AT s J)=SUMY (D)
B0 CONTINUE
CALL SIMFQUANXsCOENDL1sNSL)
RETURN
END

SRIBFTC SUB4S8 i
SURRQUTINE SIMEQ(AsNeCeNDLsNSL)
COMMON /CSTCOM/ UsGsREsCNMKSsPIESRADsC(50) sNREDsNRIToNRITZ
DIMENSION A{10911)¢B¢10911) ’ )
TOL=50F=N8§ ’
KA=N+1 -
K2=7
K3=1
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DO 10 I=1eN
NO 10 J=1e¥A
g@ C MOVE MATRIX TO WORKING AREA
i 10 BllsJ)=A{] 1) '
73 TF{ARS{EB{K3+K3}1=TOL)30s100100
30 TF(K2=NYL40e4De300
40 DO 50 I=1.KA
D=RB{K341}
BIK3:1)1=8(K2:1)
R{K2s11=D
50 COMT INUIE
' K2=K2+1
ano TO 26
1IN0 K=K
K23=K23+1
K2=K3+1
IF(KZ3=N}; 10041206200
120 N0 130G T=C4KA
(K1, =S (k1T /H(K1aK])
1320 CONTIMNUE
SYORNE FACTHEN S-T4c IS
DO 140 J=K340A
TR{T eI ={ T ¢ J)=R{TeKT)*II{K1sJ)
140 CONTINZ
S GO TO A0
200 CiNMI=R (M «N+1)/B(NgN)

%% K3=N=-]
G 212 K1=z=K34]
=0

RO 7220 1=K1eN
2720 D=EN4+R(K 3T Y%C{])
(K3 )=REE24KA) =D
¥3=K3=] ' '
IF(K3)235Ne35N,210
200 TOL=TNL /1N
IF(TOL-?a0E=20)320.310s310
310 ¥2=K3+)
0 T 20
A2 WURITE (+RIT<2371I)I8ND]
NSl =1
221 FORMAT {(//35F NG SOLUTION FROM SIMEQ FOR DEGRFE 12//7)
2575 RE THRN '

N
. $ORIGIN ORG1
9 SIRFTC SUR4S
& BLOCK DATA

THIS BLOCK COUNTAINS DATA FOR VHICLE NDo 4¢ SA 212 PVR J2.
IT w&S FORMED IN JUNE 1969 FROM TRAJECTORIES GENERATED OXN
THE RORQOT Il COMPUTER PROGRAM,

THESE LABFL COMMON MUST BE PRESENT IN THE BLOCK.
FCNCOYs ¥PCOMe XYWCOMs C3C0Me ECCOM AND VEHCOM

[aNaNaNARANA!
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RATCOM e SYNCOM s wDGCOM

OVLON JFONCOV/ F1(25)9F2(35)9F?(35)¢FQ(7 ysF5(70)
19FY1(2%)9rY2(]05)9F\3(1 5)sFY4 (1 5)sFYS(105)
PeFYLIUP8)sFYL2(108)eFY1I3(105)sFY14{105)sFY12(105)

COMMON /XPCOM/ XT10)eNX{2) sNORX(2)VeXLLP(16)¢NXLLP(3) eNORLLPI(3)
1oXLLC3(15) ¢ NXLLC3(3) s NCRLC3(3)

COMMON /XYWEOM/ XYPL1(8) e NXYRPLI(2)sNORYPLI(2)
1eXYPZ2({R) e NXYP2(2) sNORYPZ2(?2)
2eXYLUPI(1IS ) eNXYLPLI{3)sNRYLPL(3)

2o XAYLLRPZ2{15)aMAYLP2(3)eNRYLP2(3)

COMMON /C3C0M/7 SLOPC(15) e XC3(15)sNXC3(2)eNORC3(2)
1sSLORPAL(B) e NSCRAL s NORPAL s C3COFF

COMMON /JECCOM/ SLOPEZ(5) e NXLsNORESSOPEY1(5) ¢eNXEY19NOEY]L
1sSOPEY2{5) ¢MXEYZeNDFY2

COMMON /AVERCOY/ NSTGSsVENOM(3:3) sAME(4)

COMMON /RATCOM/ FTALLIDYsXETALLIB) oNPTA(3) o NRTA({3)
TaFTCLLI®Y s XETCILS) eNPTC(3)Y ¢ NRTC(3)

PoFISPA(L15) eXxFISA(15)eNPISA(3)¢NRISA(3)

AeFISPCIL1S) e XFISCI1B)eNPISC(3)eNRISC(3)
GeFSWA(LS ) o XFSWALI5) s NPSWA(3) o NRSWAL(3)
5¢FSWCI15) o XUSWC(15) s NPSWC(3) sNRSWC(3)

COMNYON /ITHCOM/ NSTAGS{10) sNSTAGI3s10) ¢ ITEMS(23910) ¢ ITEV(393)
1eDELPRIZ257)

COMMON /WGTCOA/ GPFCANETPR

COMMON/SYNCOM/NSYNC e JOLOLZ2) o NOLO(10) s ALOND(LC)Y s TIMEZ2{20) s TIMEZ(10)
e DVSYASDVSYNeXSAZ{LI0) sNXSYsNRSY s XLSAZ{12) o NXLSY(2) s NLRSY (2)

DATA AME/6WSA 21286H PMR sbH  J2 9 6HH /

F1 CONTAINS THE CUTOFF WTSe TO THE ALTSe AND AZSe
CONTATMNED IN X

NX{1)=NCe DF POINTS IN AZ s MNX{(21=NCe OF PTSe IN ALT

NORX {1 )=0RDER OF INTERPOLATION IN AZs NORX{Z2})=0RDER IN ALT

DATA NX/565/¢NORX/3¢4/
laA/@Soo?Oe59009120e9145o9100e9200e9300@9400@9500@/
29F1/66876036873268692416¢6822062659650
3959299,36NRL3,961265.56041G,358542,

5949729, 45N90654,85122765s50583:54914%

5339299401226 940347.,8398984,538893,

’ 65291160329643,929787:982950063288576/
JC SLOPE CONTAINS SLOPES OF LINES FOR DECREASE IN COW FOR VARIOUS
?C PERIGEF ALTSe AND A FIXED APOGEE ALTe.
i DATA NXE/5/sNORE/3/¢SLOPE/=8460255=Te¢456=5825~4613¢0s/
DATA NXLLP/7355¢1/eNORLLP/ 7531/ 9ALLP/7#0651006:2006 ¢
l3COe 94@0695000 94*0»/
F2 CONTAINS COEFFICIENTS OF POLYNOMIALS DEFINING LATs OF
IMPACT AS A FUNCTION OF TIME FOR VARIOQUS ALTITUDESs
DATA F2/27e1576354s0689523165me68317544E=34643395832E=5
l=614111942E=7496225978000E=10s=61425794TE=135
226660373856 TNH58B06E=19=s9787624TE=235=662237778E=54=020275392E=7,
3032594400F=10s=e20750461E~=13
4o 26766069 TF+25665759853E=10=e94065166E=3:,61807018E=56%
5ee 20756495 F=T35634351576F=108=,22590349F=13,
626 1960546629869 12F=15=eB7204349E=34,55809578E=5%
= lRLGIBB7AF=T 4o 304137263E=103~620393099E~13,

E-40

T T TTT®

100
100
200
200
300
300
400
400



‘%5 HORTHROP TR-796-9-594

HUNTSVILLE

PP, 3TTCT tse Tr HBB95F =39 me 36400478 =~44064T7293961E~6 B 500
g POTRGPPO S S TTRTTETEE~11 9= 797401095 =14/ B 00
et WY COEFFICIENTS OF POLYNOMIALS DEFINING LONGe OF
T UPMPACT s A FUNCTION OF TIME FOR VARIOUS ALTITUDESe ‘
BATA F2/=75:,094681 3= 20068384 64207682536E=2sme16930926F=4 B 10
o 9@711109GC"-¢~a652106?3F“109a364719&9E 13 ‘B 100
c e L e B9, T1A2630meib 99 TBAS 466197 T1T73E =20 =0635639721E~4ss10376715E=6s B 200
G VLB TT728RF~Q 4 o R4437975E~13 B 200
. &= 720539474 25=03002710150503618675=25=629018034F =4y B 300
i E LR 737366 mTema 121616087 «9454A94931964F=13, B 200
L s 71671872 5= e 358022504 76651648F =2 m026412T7 75 w4 B 40C
f¢73664C69f—7v“e100507955 95e55174906F=13, B 400
e TRIATNLIOF 424~ 1052931546 14164414F=25mebB102025E=5 B 500
5 faifwaau VwTeme 13364179E~1C9051827072E=14/ B 500
. USLuPE DEFTERMINFS FRACTION OF COW LEFT AFTER LEAVING PARKING
C  O=RRIT AND RURNING TO DESIRED (3 ‘
P DATA NXC%/S@S/9MOR”3/49@/
T IeXC3 /- 60 6734604 sm2005=100806010%00/
TaSLOP(/16065%94563289622%990143010%06/
e BATA NSTGS/2/76C3COFF/100e/
B © VENOM CONTAINS STAGE WTes THRUSTSAND ISP FOR EACH STAGE
“ DATA VENOMN/20500065263048106124691900006006286467324660043%06/
- CDATA NXLLP/735¢0/ 9NORLLP /7 s490C/
o T eRLLP/T%0,4810063200693C0e54CCes5000604%0a/ _
£ ~ T DATA NXLLC3/7s491/eNORLC3/ 79391/ eXULLC3/ T%#004=600739=40c9=206 309
TL%¥0e /
S T4 TONTAINS COEFFICIENTS OF POLYNOMIALS DEFINING LATe OF
CimeaCT AS A FUNCTION OF TIME FOR VARIOUS HIGH ENERGIES
CDATA F4/2741576350960486523169=6683175440F=35,4339583205-5 B =60
f“tl&ll19420?“79oZZSQ??QOOF“lOs*o1425794705*139 B =60
e 200213037F+25¢2522073625=e525360508F=25,366760532%~4 B=40
3—.;30356535r~6,.27750074"t—9,—615A360701r~12, B=&0
525838 7T0TF4+20 L0571642324=6155326810E=25 106206554 =4 B=20
FE L B g BT PRNBEND T 0 A4ANSLLRLE =] N gmo439775186E=13, B=20
] 542002 10N3F 4292352207362 =052536050RE=2906366760532E=49 B O
Tme 130356523555 0227560 T74TE=9s=e154860701E=12442%0./ B 0
e FS CONTALINS COEFFICIENTS OF POLYNOMIALS DEFINING LONGs OF
%ﬁg I“PACT AS A FUNCTION CF TIME FOR VARIOUS HIGH ENEXRGIESe
DATA F&/=T75:6946814~6209889849030782536F= 29«@16930926r«a9 B=60
1oaT71110R5Fm7s=e65230623E=109636471949F=13 B=60
zm?agza17954¢+?9~.392a0521,°4n7087099ﬁu2,m9299441735£m49 Re=t 0
3 C2RET AL AL Teme bL3T16200E-109e31157459F~13 B=40
hme5366T2NLLE+2 5= T185786974,102528912E mlgmo63509014 TE=bL B=20
5 L PN1B1TUATE=Le=e 31 TN5A4R1E=95.197532216E=125 B=20
] =S 2ZN0L3RAC 4D 41 ¢ Z00RK1525001749723G1s=6114500941E=3% B O

Fe383120058F=6hs=eb34826266E~936413838322E=12942%0e/ B 0

THE FOLLOWING DATA STATEMENTS CONTAIN EXCHANGE RATIOQS
AT VARIOUS ALTITUDES :
IATA NDTA/363s0/sNRTA/ 23202/ %

IXCTA/IN e 933062500691 0069300655006069%05/7 9

T U308 0440202638232 935201 0006201609 %046/

DAfﬂ N iS58/ 383s0/ e WRISA/28252/

FaX© C,f\/T’)’\,,’ZG(J,,gS&Qe,lOO.9300,9)0’)‘;99%()”/
Ar;,PA’?vﬂor.9256e7¢21)a29231569234q292193W599*Oe/

E-41




HORTHROP TR-796~9-594

HUNTSVILLE

DATA NPSWA/39390/9NRSWA/Z?190[
1eXESWA/10066300e45006¢10069300665000389%06/
2eFSWA/=313908=51398smel5¢=leorles=les9%0s/

THE FOLLOWING DATA STATEMENTS CONTAIN EXCHANGE RATIOS

AT VARIQUS HIGH ENERGIES

DATA NPTC/2¢3¢0/oNRTC/2¢291/
1oXETC/~606730=4064=200s=60e¢73540e9=20689%0e/
2¢FTC/30560189606512667¢12%06/

DATA MPISC/3s390/¢NRISC/2:251/
1sXEISC/=60eT733=00s4=2068=60673¢=40c02=20ep9%0s/
2sFISPC/250e75518488144es12%0a/

CONVERSION FROM CUTOFF WT TO GROSS WT

DATA GPFC/244606/

CONVERSION  FROM GROSS WTe TO NET WTs

DATA ANETP/404Z+/

FYyll CONTAINS THE CUTOFF WTe TO THE ALTITUDES AND YAW

TIMES CONTAINED IN XYPZ2e THE AZ=145s YAWED TO POLAR ORBIT
YAW RATES WERE 66968191006 FOR TIMES OF 90+100:110

DATA NXYPZ2/6¢3/eNORYPZ/4s2/
IXYP2/10Nee15N6382006e9250e93006890e9100e51106/
29FY11/59073209¢556450095321009492398B094773%034513469585116855988a0
3 5285669491556347539¢¢4500068579096855486¢69526462¢94887265
4 4T7301e94482T007%0s/

FY12¢FY1l3 CONTAIN IMPACT PCINT COEFFICIENTS FOR LATsLONG

AS A FUNCTION OF TIME

DATA NXYLP2/7¢533/sNRYLPZ2/Tebs2/ s XYLLP2/7#0e5100681506020000
1 25049 300&990&91009?110&/

DATA(FY12(1)eI=1435)/

mg BN0G120%E=Ts ¢ 70637011E=10s=64N0T76905E~13
=692420397E=T3 613560748E~%¢ = T78T75169T7E=135

~2101032605=6s o14851104E=9y ~e86831977E~13s

0 U W N e

=e¢l0729317E=6s «158508644E=9y =6926319295~13»

=g 11N2N527Fmby o 16288083E=0y w9527 T7R7E=13/
DATA(FY12(1)51=36470)/

[

~e528l0240E=Ty eT76132771E=109=a&l1774]187E=130s
e BUBLESB6E~T) 612253055E~09sm~070296943E~130
=e910348525=T74 01321978 7F=09¢=eT76366368F~13%

=g 04338C56FE=Ty ¢ 13751743E=09s=~679771381E=13%5

M T PP DWNT

-y GROPI(B3E=Ty 413907R23Em005=eB1299274E=13/
DATA(FYI2(1)s1=715105)/

=sG182D107E=Ts o 7290T418E=10smebllT76145E=130

= B5573605E~T7s o12340746E=09s=eT0793387E~13

(A - BV VINAN S

E~-42

¢23340047E4+2y 222204686 $=031688207E~2s «17660348E=4
¢ 19189752E+2¢ 038427732 2o 533TT522E=29 031136366E=4
s 18307706E+2s 641792706 $=057741143E~29 633844893L=45,
e 1763842T7E+2s 44273795 9o 60B875299E-29 6358105145 =4

e17322G64F+25 45403142 9=e62238941E~2s 43671260GE=4y

o 1T222964LE+?7 ¢ 454021472 25223894 1 E=2 936712609Em69
6 19404861FE+2s 637097674 $=950871927E=29 629116194E=4
e 187440695+2y 39553286 905398440652 26310441374
s 1R392240C+2s 4403769878 e 55448700F~2 $632014376E=45

e 1R195701F+29 «41413349 922 561448ARE=2 94325042620 =43

e 22953545E47¢ 023472041 9= 32085099E~2¢ - 1833580CE=ty
0 19179785E4+2s ¢327816027 tmg 515476852 9029425770k ~43

¢ 18635344F 42 39834206 e 54127928 =2 9o31069057£®49



HMORYRROP TR~-796~9-594

HUNTSVILLE

6 =e010225065«7¢ 0122122825 =09¢+=076301948F=135

7 e 182741428 +2s 41104805 20556939705 ~2 ve32118228E~4y
Q =g QUAD26356=T9 61378R182F=094me 709654 18E=13

R o 1R21205%E+29 041229948 9= 55 TLLLLEE~2 §432256922E=4
~

= 0521076687y ¢13914822E=(0s=eBNQ02642E~13/
DATA(FY13{I)sl=1435)/
=g COATIGERE+D gm0 054 34643E=2 ¢ 53321845 TE=34me2]1409254k=55
«59546740F=8y oT76628488E=11s o036692002E~14e
~o81393882E+2¢ 519023989F=] $=642243210E=4s=515525801t=T7%
e 4R UABLLE=] Ny 0622242938 =12¢=080243935E~15%
“eB1598285E42s o028335444E=]1 $=018402009E=3s ¢79279946E~60
- e 228295895 m8y 92622328437 =119=a238175545=14,
e Q2N1ANO0 42y oLGLTTL)2E=] sma43R0216810-3 342185000 0kE=5,
“g59755466FE=8s oR3LTILEEE=]1]s=0btT30R225F =14
o Q72335455429 057119684E=) smeS509R6205F=3 5e30695621E=5,
C - oR2G38]137E=m8y o 11264328E=10s=e65150198TE=L4/
DATA(FY13{1)s1=36970C)/ :
“e BONO2609E+29=e33776663E=1 s 065862902E=3¢m=39334537E=5
6 10764356FE=T74s=613922590F=10s s6829844BE=~14s
= e RO293271E429=624419T7475=1 s 6514188565 =35=43045644045L=5
e811469051F~8s=0l0105094E=10s o046819833FE=14y
~ e 0B54C0RE+29=0130602%0E=1 s o34866361E~39=21134241E=5
055 R02R 30 =RsmabTR3IT496E=11y 0 29R6D260FE=1tb
=g RORB1512E42, (2898R89G3F =2 5 41532260 7E=249=s10227954E=5,
62709200 7F=89231174G45E=11s oll689540E~14y
w1 220716F+2s e16718524Ew] s=e TRTDALLESE=Gy ¢23834552E=65
~ 62364 7880F=9s ¢11180660FE=116=e90252089E=15/
DATA(FY1I3(1)el=715105)/

DR s BES B RV S B S A

-

M0 2 D Du N

i “o 794T39RLE+29=658BT7T67T03E=]1 ¢ o09BT25165E=35=356975515E=5,
2 6 15413400 =T 4= 19889534FE=~10s e98LlC6T7650~14s
2 =g 79369061 E423=6H0597418E=1 5 e3T7017628E=39=054649914E~5
4 e 1445958 7FE=T 9= 18227133F=10¢ «B87219169F=14s
5 e TORG24R0OE4+24=651060011E=1 ¢ o8323R183E=39=546964112E=5
& ¢123930A8EmT ¢=s15552906E=10s o 73R11425E=145
7 o 7CBBGOBNE+2s~637624610E=1y +63620280E=3s=e359540053E=5
R eQLZ55063EmB = 11714465E=10¢ o545T70763E~14ky
8 =eRO23TRILE+29=e2201163E=15 0418204 6RE=34=e2411625TE=D>
C 663398 T14E~8s=e 7T8H263TTE=11e 036024237E=14/
END )

$IRFTC SURSO
SURROQUTINE VEHI
RETURN
FAND




